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ABSTRACT 
The olive humid husk (OHH) is the main solid by-product derived from the olive oil 
industry. The treatment and disposal of this biomass is difficult because its high 
moisture and its high content of mineral salts, phenols, lipids and organic acids 
that makes it a phytotoxic material. Among the available technologies to dispose 
this waste, composting has been considered the best solution due to its low cost 
and benefits for the agriculture. The composted OHH returns to croplands the 
organic matter and nutrients lost by intensive cultivation and avoids at the same 
time some of the drawbacks often observed when OHH is directly applied to the 
soil. However, due to the high content of lignocellulosic materials, oil, and 
antimicrobial compounds, OHH composting is a difficult slow process, not suitable 
for the industry.  
In the current research, looking for the production of a green composted 
amendment, thirteen microorganisms were specifically selected to enhance OHH 
degradation. The selected microorganisms were then utilized as inoculum in a 
composting trial that was carried out in dynamic turned Piles. The results 
indicated that microbial inoculation accelerates the degradation of OHH, reducing 
the time of composting. In addition, the microbial inoculum had a positive 
influence on compost quality. The final product showed a deeper humification 
and better detoxification.  
Besides, with the aim to improve the suppressive properties of compost, the 
biocontrol strain B. subtillis M51/II was included in the microbial consortium of 
the inoculum. The persistence of the strain during the whole composting process 
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was monitored using together a selective microbial analysis and a specific colony 
PCR assay. The results indicated that the strain B. subtillis M51/II was not only 
able to survive to the composting process but also able to increase its density. 
In this thesis, for the first time, it has been set up a procedure for the production 
of a high quality green composted amendment from OHH in a relatively short 
time. Besides, the results shows that the use of a microbial inoculum for the 
production of OHH compost could be successful as a good delivery system to 
introduce the microbial biocontrol strain B. subtillis into the soil. 
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1. INTRODUCTION  
Olive oil production is one of the most traditional agricultural industries in the 
Mediterranean region and is still of primary importance for the economy of 
several countries, in particular, Spain, Italy, Greece, Turkey, Morocco, Portugal, 
Syria, and Tunisia.  90% of the world olive oil production takes place in Europe, 
where approximately 13 million tones of olives, produced in ca. 4.5 million 
hectares (ha), are annually processed in more than 12,000 mills (TDC-Olive 2004; 
MORE 2008; IOOC 2009). Olive mills generate vast quantities of wastes, the 
treatment and disposal of which represent a relevant environmental and 
economic problem.  
The olive mill wastes (solid and liquid) are characterized by a high content of 
mineral salts, phenols, lipids and organic acids that turn them into phytotoxic and 
antimicrobial materials (Capasso et al. 1992; Ramos-Cormenzana et al. 1996; 
Taccari 2008). In fact, several studies indicate the negative effect of these residues 
on soil microbial populations (Paredes et al. 1986; Bedini et al. 1998), on aquatic 
ecosystems (Della Greca et al. 2001) and even on atmosphere (Rana et al. 2003).  
Besides their toxic effects, the treatment and disposal of these biomasses is 
complicated by other factors, including the seasonal and geographic 
concentration of the olive oil production, the great amount of wastes generated 
(ca. 6 million m3 of waste water and 8 million tons of solid residues per year in the 
Mediterranean basin) (IOOC 2009), the limited period of time for their disposal 
(from early November to late February) and their variability in quality and 
quantity. In turn, the latter depend on several factors such as olive cultivar, 
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climate and environmental conditions, agronomic management practices, olive 
storage and mainly on the oil extraction technology. 
 
1.1 Olive oil extraction technology and management of wastes 
The olive oil extraction process involves different phases such as olive washing, 
grinding, beating and the oil extraction itself, that represent the basic stage of the 
whole process. There are two methods for extracting olive oil: the traditional 
pressing method (TP), used for many centuries and barely adopted at present, and 
the centrifugation method, developed and largely used in the last decades. The 
centrifugation is carried out in two different ways: the “three-phase” or 
conventional system (3-PCS) and the “two-phase” or so-called “ecological” system 
(2-PCS) (Brunengo 2004). These systems generate different quantities and types 
of by-products, as shown in Figure 1. 
The TP and the 3-PCS generate two kinds of by-products, a liquid fraction called 
olive mill wastewater (OMW) and a solid fraction called olive husk (OH). OH from 
TP and 3-PCS have a moisture content of 20-25% and 46-54%. The 2-PCS, on the 
contrary, generates essentially one kind of by-product, the olive humid husk 
(OHH), which is a solid residue characterized by a high water content (moisture 
around 55-74%). Other synonym for this terminology can be found in literature 
(Table 1).  
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Figure 1. Olive oil extraction technology process, mass balance and by-products (Echeverria et al. 2009). OMW = Olive mill 
waste water, OH = Olive husk, OHH = Olive humid husk, TP = Traditional process, 3-PCS = three-phase centrifugation 
system, 2-PCS = two-phase centrifugation system. 
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Table 1. Olive oil by-products glossary (MORE 2008). 
By-product Synonym 
Olive mill wastewater (OMW) Olive vegetation water 
Olive husk (OH) 
Olive pomace, crude olive cake, virgin 
pomace 
Olive humid husk (OHH) Olive wet husk, olive wet pomace, virgin wet 
husk, olive wet cake, alperujo. 
Exhausted olive husk (EOH) 
 
 
Olive dry husk (DOH) 
Exhausted pomace, depleted olive pomace, 
extracted olive pomace, exhausted  olive 
cake, de-oiled pomace 
Olive dry cake 
 
The 3-PCS brought to the complete automation of the extraction process. 
However, it presents some disadvantages respect to the TP. In particular, the use 
of larger amounts of water and energy, the production of higher amount of waste 
water and the need of more expensive installations. The 2-PCS was introduced in 
the 1990s with the aim of saving water. Indeed, this technology is based on an 
innovative water recycle system that reduces almost completely the OMW 
production. 
Depending of the type of by-product generated, different waste disposal 
strategies can be adopted. The OH from the TP and the 3-PCS is generally 
submitted to a second oil extraction with organic solvents after air-drying or 
forced-ventilation drying. The final residue of that extraction is called exhausted 
olive husk (EOH) and, along with the non-extracted dried OH (DOH) (Table 1), it is 
commonly used for thermal energy recovery. On the contrary, the OHH is 
unsuitable for a second oil extraction because its high moisture requires a lot of 
energy during the drying process, leading to a significant increase of costs. 
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The OMW is usually kept in evaporation lagoons or simply spread on land, 
resulting in relevant environmental pollution (Paraskeva et al. 2006). Indeed, for 
many years, the OMW has been the most pollutant and troublesome waste 
produced by olive mills (Russo et al. 2008). Consequently, the disposal of this by-
product has been extensively studied (Roig et al. 2006). 
In the recent years, the number of olive mills using the 2-PCS is considerably 
increased and as a consequence more attention is paid on the disposal of OHH. 
OHH presents more disposal problems than OH because its management requires 
specific facilities (storage tanks with special valves, mass pumps, and tank trucks). 
To date, several disposal methods such as combustion, pyrolysis, gasification, 
anaerobic digestion, alcoholic fermentation and agronomic land-filling have been 
proposed to minimize the OHH environmental impact (TDC-Olive 2004; 
Niaounakis et al. 2006; Roig et al. 2006; Echeverria et al. 2009). Nevertheless, 
none of these approaches is considered a satisfactory solution from both 
technological and economic point of view.  
 
1.2 Agronomic use of olive mill by-products 
Many areas in the Mediterranean region are poor or very poor in organic matter 
(< 2% on a d.w. basis) (Zalidis et al. 2002). These areas are exposed to the loss of 
functional microbial biodiversity, being the threshold represented by 3.5% of 
organic matter (Lynch et al. 2004; Nuti et al. 2011). For this reason, the recycle of 
agro-industrial wastes in agriculture, such as the olive mill by-products, became an 
attractive alternative to restore the progressive loss of soil organic matter, to 
recover the nutritive elements and to dispose these residues with a minimum 
cost. 
Olive mill by-products contain valuable resources for the soil quality that could be 
useful in agriculture to improve both soil fertility and crop production. The olive 
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mill by-products could provide the soil with nutritive elements such as K, P, N and 
Mg that are commonly supplied during conventional fertilization, and because of 
their high organic matter content they could compensate the deficiency of their 
components in agricultural soils improving soil chemical and physical properties.  
Direct application to agriculture soils is the easiest method for the disposal of 
olive mill by-products and several studies of their effect as an organic fertilizer 
have been published (Saviozzi et al. 2001; Sierra et al. 2001; Abu-Zreig et al. 2002; 
Brunetti et al. 2005; Perucci et al. 2006; Saadi et al. 2007; Kavdir et al. 2008). 
These studies provide evidence of positive and negative effects on soil quality. On 
one hand, beneficial effects have been shown to be related to the olive mill 
wastes high nutrient concentration, especially K, and to their potential in 
mobilizing soil ions, on the other hand, negative effects have been related to their 
high mineral salt content, low pH, and to the presence of phytotoxic compounds. 
Bedini et al. (1998) also reported a nutritional soil imbalance following olive husk 
application, since it modifies the soil nitrogen cycle due to its high C/N ratio. 
However, there is a general consensus on the need of a biological stabilization 
treatment of these residues/biomasses in order to reduce or eliminate the 
negative effects of olive mill by-products before their agronomic application. 
 
1.2.1 Italian legislation 
In Italy, the second world largest producer of olive oil, there is a specific legislation 
for the disposal and recycling of olive processing wastes. The Italian Ministry of 
Agriculture and Forestry laid down on 6 July 2005 an Ordinance establishing the 
technical provisions for the use of olive mill wastes. According to the Ordinance, 
the agronomic use of olive mill by-products is normated by the law n. 574 of 1996. 
Concerning the OMW, the Italian law allows their directly application in 
agriculture lands only if during the whole process they have not been subjected to 
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a chemical treatment or received chemical additives. In order to avoid risk linked 
to hydrological resources and the ecological system, annual land application of 
this waste are restricted to 50 m3/ha of OMW derived from TP and 80 m3/ha of 
OMW derived from 3-PCS and 2-PCS. The application of OMW must be done 
trough a uniform distribution and incorporation into soil. Land application of 
OMW is excluded in the following cases: 
a) when distance between delivery location and surrounding used land is 
shorter than 10 meters from courses of water, lakes, and coastlines; 
b) when soils, where delivery should take place, have an inclination above 
15% without drainage;  
c) in woods, gardens and areas of public utility. 
According to the law (Italian law 75/2010), OH and OHH are considered as “non 
composted green amendment” and can be applied without quantitative 
restrictions. However, land application of OH and OHH must be done under the 
same criteria used for OMW (see above) and must fulfill the requirements 
reported on Table 2. 
Notification of spreading operation must be communicated to the Major of the 
Municipality 30 days before the operations begin. The communication must 
include details of the spreading system, the spreading time, soil analysis and 
hydrological conditions. The Major can prohibit spreading operations if an 
environmental risk is foreseen. 
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Table 2. Threshold limit values for land application of solid olive mill wastes 
(Italian Law 574/1996). 
Parameters  
Humidity ≤ 50% 
pH 6 - 8,5 
Organic Carbon ≤  40%   (d.w) 
Organic Nitrogen At least 80% of the total Nitrogen (d.w) 
Cu ≤ 150 ppm (d.w) 
Zn ≤ 500 ppm (d.w) 
Peat ≤ 20% (f.w) 
Pb ≤ 140 ppm (d.w) 
Cd ≤ 1.5 ppm (d.w) 
Ni ≤ 50 ppm (d.w) 
Hg ≤ 1.5 ppm (d.w) 
(d.w = dry weight, f.w = fresh weight) 
 
1.3 Composting  
Composting is an economically and environmentally sustainable solution for 
reducing the amount and toxicity of wastes, recycling the organic matter and 
transform it into an organic fertilizer (Chandra et al. 2009). Composting allows the 
return to croplands of the nutrients taken up by intensive cultivation and avoids at 
the same time some of the drawbacks often observed when wastes are directly 
applied to the soil (Zenjari et al. 2006). 
The term composting refers to the microbial decomposition of organic matter 
under controlled aerobic conditions. During the composting process, microbial 
consortia (usually naturally occurring microorganisms) use the organic matter as a 
food source, producing as a result of their growth, heat, CO2, water vapor and 
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humus able to improve soil quality and fertility. The composting process can be 
divided into four major microbiological phases, each of them involving dynamic 
changes in temperature, oxygen concentration, moisture content and nutrients 
availability. The four phases are: (1) the mesophilic phase; (2) the thermophilic 
phase; (3) the cooling phase; and (4) the maturation or curing phase (de Bertoldi 
et al. 1983). 
During the mesophilic phase, mesophilic bacteria and fungi are dominant and 
grow mainly on sugars, starch, and proteins. During the thermophilic phase, as a 
result of microbial activity, the temperature rises above 40 °C and the mesophilic 
microbes are replaced by thermophilic bacteria, actinobacteria, and thermophilic 
fungi. During this stage, lipids, hemicellulose, and cellulose are decomposed and 
many micro-organisms that are human or plant pathogens, as well as weed seeds, 
are inactivated. This phase is considered very important for compost sanitization. 
Finally, as the temperature falls (cooling phase), mesophilic bacteria and fungi are 
able to re-colonize the substrate and start the compost maturation.  
According to the raw materials used for composting, compost is classified (Italian 
law 75/2010) as follows:  
• Mixed composted amendment, obtained through the transformation and 
stabilization of municipal solid wastes, animal origin wastes, agro-
industrial wastes and sewage sludge;  
• green composted amendment, solely of plant origin except algae and 
some seaweeds;  
• peat-based amendment, i.e. peat added with mixed or green composted 
amendment. 
The physical-chemical properties of the raw materials, the system adopted for 
composting and the correct control of composting parameters (such as 
temperature, moisture, aeration, pH and C/N ratio) which directly influence the 
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microbial degradation activity, will determine the duration of the composting 
process and the quality of the compost produced. 
 
1.3.1 Olive humid husk composting 
The OHH is a semi-solid waste with a strong odor made up largely of fruit matter 
(olive skins, flesh, seeds and stone fragments), plus a considerable amount of 
plant-originated and processing water that contain the water-soluble compounds 
of the fruits. 
OHH has a moisture higher than 56% and a small particle size. This makes it a 
scarcely porous, plastic and susceptible to compaction. These traits hinder and 
make expensive its transportation and handling and may  represent an obstacle 
for its correct aeration as a composting substrate, indeed such a process must be 
carried out in favorable conditions (appropriate humidity, nutrient balance, 
structure and air distribution) to obtain a useful final product. 
The main organic constituents of OHH are lignin, hemicelluloses and cellulose 
(46,38 and 21% of total organic matter), fats (13% of total organic matter), 
hydrosoluble carbohydrates (10%), proteins (nearly 8%) and water soluble 
phenolic substances (1.5%) Fats and hydrosoluble carbohydrates may act as 
readily available substrate for the initial microbial growth during composting, 
while the proteins would be scarcely available because of their association with 
the lignocellulosic fraction (Alburquerque et al. 2004). 
In nature, OHH undergoes a spontaneous decomposition. However, this process is 
slow, discontinuous and heterogeneous, as a result of the high content of 
antimicrobial compounds (phenols and fats), the high content of lignocellulosic 
materials (recalcitrant to degradation),  and the sticky texture. 
To make OHH composting suitable for a process at an industrial scale three 
requisites are needed: (1) short-time of the process and low energy consumption, 
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(2) safety for agriculture and satisfactory fertilizing activity, and (3) hygienic safety 
to plant and end-product (de Bertoldi et al. 1986). To achieve these goals, 
different management strategies have been tested. They included the use of 
bulking agents and the co-composting of OHH with other agricultural, urban or 
animal wastes under different aeration systems. In all cases, the final product 
showed a good degree of humification fulfilling the legislative provisions, a lower 
phytotoxic effect with respect to the starting material and a considerable amount 
of mineral nutrients. 
Among the composting technologies tested, the better results were obtained 
mixing the OHH with bulking agents and using windrows or mechanically turned 
Piles without forced ventilation. The materials selected as bulking agents were:  
straw (Madejon et al. 1998), poplar sawdust and bark chips (Filippi et al. 2002), 
cotton waste (Alburquerque et al. 2006), grape stalks (Baeta-Hall et al. 2005), 
olive leaves (Alfano et al. 2008) and corn stalks (Ranalli et al. 2002).  Static non-
aerated composting proved to be  unsuitable for the degradation and stabilization 
of OHH (Alfano et al. 2008), while forced aeration systems for static Piles 
composting present several drawbacks because of the oily texture of OHH, the 
lack of porosity and the preferential air flow paths that dries the material forming 
aggregates (Cayuela et al. 2006; Roig et al. 2006). 
The use of sewage sludge and livestock by-products such as poultry, sheep, and 
cow manure showed to be useful to balance the C/N ratio and to improve the 
start up of the process, thus reducing the time of composting (Ranalli et al. 2002; 
Principi et al. 2003; Alfano et al. 2008). However the compost obtained in this 
way, can only be classified as “mixed composted amendment”, and not as “green 
composted amendment” (Italian law 75/2010). Moreover, the use of livestock by-
products may involve problems concerned with the presence of pathogenic 
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microorganisms, heavy metals (Nicholson et al. 1999) and antibiotic residues 
deriving from  animal breeding (Dolliver et al. 2008). 
 
1.3.2 Legislation of green composted amendment 
According to the Italian Law 75/2010 a “green composted amendment”  can be 
obtained through the biological stabilization of solid olive mill wastes under 
controlled aerobic conditions. Final product must fulfill the requirements reported 
in Table 3. 
 
Table 3. Threshold limit values for green composted amendment (Italian law 
75/2010) 
Chemical Threshold  
Humidity ≤ 50% 
pH 6 – 8.5 
Organic Carbon 
Humic and fulvic carbon 
≥ 25%  (d.w) 
≥ 2.5% (d.w) 
Organic Nitrogen ≥ 80% of the total Nitrogen (on a d.w basis) 
C/N ≤ 50 
Biological Threshold  
Salmonella  In 25g of sample (n = 5, c = 0, m = 0, M = 0) 
E. coli In 1g of the sample (n = 5, c = 0, m = 0, M = 0) 
Germination index ≥ 60% in a 30% dilution 
(n, number of analyzed samples; c, number of samples in which the bacterial counts are 
between m and M, ; m, threshold limit value of the number of bacteria; M, maximum 
value of the number of bacteria). 
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1.4 Use of starter cultures to enhance OHH composting 
The microbial activity plays a leading role in the transformations occurring during 
the humification processes. Thus, the inoculation with proper microorganisms 
could improve the biodegradation of organic matter and the final characteristics 
of compost. 
As a strategy, inoculation has been associated to three different processes. The 
first one, implies the inoculation of organic residues, such as manure, with high 
number of saprophytic microorganisms, (Sellami et al. 2008). The second one 
involves the use of a fraction of the biomass in an intermediate phase of 
biotransformation as an inoculum for the starting material (Alfano et al. 2008). 
The third one, described in this thesis, involves the inoculation of the substrate 
with a dense inoculum of microbial consortia, formed by selected microbial 
strains, known in the literature as starter cultures (Linares et al. 2003; Isidori et al. 
2004; Haddadin et al. 2009). 
Many researchers have studied the use of starter cultures, especially for 
minimizing the lag time typically observed early in the process and improving the 
degradation of relatively recalcitrant materials such as high cellulose content 
wastes (Faure et al. 1991; Singh et al. 2003; Acevedo et al. 2005; Cariello et al. 
2009) but, since the effectiveness of the biological degradation depends on the 
microbial ability to colonize the composting organic matter particles and on the 
microbial basic needs for moisture, oxygen, temperature control, and nutrient 
availability, conflicting results from the inoculation of different composting 
processes were obtained for raw materials other than OHH. 
Inoculation was effective for raw materials containing indigenous microorganisms 
at low population density (Faure et al. 1991). Significant improvement on the 
composting efficiency was also found in the degradation rate (Tiquia et al. 1997; 
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Tsai et al. 2007), in the reduction of bad smelling gas emissions (Xi et al. 2005) and 
for the final quality of the compost (Vargas-García et al. 2007). 
Previous studies (Principi et al. 2003; Vargas-Garcia et al. 2006; Haddadin et al. 
2009) have suggested, that a better understanding of microbial community 
structure and dynamics during composting is needed in order to improve and 
analyze the effect of different management alternatives. Actually, the effects of 
inoculation depend not only on the properties of raw materials and 
microorganisms introduced but also on the inoculation time (Zeng et al. 2010). 
Inoculation with the white-rot fungus Phanerochaete chrysosporium has been 
reported to have different effects when it is carried out at different stages of 
agricultural waste composting. In this case the inoculation beyond the 
thermophilic stage or during the maturation stage was proven to be more 
effective than at an earlier stage (Taccari et al. 2009; Zeng et al. 2010). 
 
1.5 Introduction of disease-suppressive microorganisms in compost 
The control of plant diseases by chemical fungicides and pesticides is ecologically 
undesirable and has led to an increased interest in the development and use of 
more sustainable pest management practices such as the biological control, 
defined as the reduction of pest populations by natural enemies. 
The most exploited biological control practice has been the direct application of 
preparations containing different microbial agents. In the European Union, there 
are ca. 40 active substances (listed in Annex I of Dir. 414/91/EC) for marketing 
purposes (Filippini et al. 2009). However, this technology presents some 
limitations particularly in the case of soil-borne pathogens. Among them, the lack 
of persistent effectiveness of the inoculants, caused by ineffective colonization of 
the rhizosphere, as well as poor survival and/or low activity in the soil bulk 
(Whipps 2001). For this reason, the biological control has been successfully 
 23 
 
achieved also by alternative practices involving the use of soil amendments, 
especially compost. 
Compost has a natural ability to control the incidence of plant diseases caused by 
soil-borne nematodes, fungi and bacteria. Disease suppressiveness of compost is 
the result of a complex interplay of abiotic (pH, C/N, organic matter quality, etc.) 
and biotic (predators, antagonist and competitors for nutrients) factors (Boulter et 
al. 2005; Cayuela et al. 2008). However, in most cases, the suppressive effect is 
fundamentally based on the beneficial microflora developed during the 
composting process. In fact, suppressive effects decrease or disappear after 
sterilization treatments (Lima et al. 2008). 
To enhance the suppressive potential of composted residues and thus to improve 
the efficacy of disease control, inoculation with specific biocontrol strains has 
been proposed (Nakasaki et al. 1998; Filippi et al. 2000; Postma et al. 2003). This 
strategy is of great interest, in particular to enhance microbial agents survival 
after the compost delivery to soil, since the compost particles offer a protected 
spatial and trophic niche. 
Even if suppression is the result of microbial activity during the composting 
process, few studies have been focused in the introduction of suppressive 
microorganism in compost raw materials, generally because of the heat 
destruction of the biocontrol agents (BCAs) during the composting thermophilic 
phase (Hoitink et al. 1994). To overcome this problem, the introduction of 
thermo-resistant biocontrol microorganisms has been considered. Among them, 
the gram-positive bacteria Bacillus subtilis, which has the ability to form spores 
resistant to unfavorable conditions (Phae et al. 1990). Alternatively, several 
studies have been focused on the inoculation of BCAs immediately after the heat 
peak or the inoculation into the final product rather than during composting (Phae 
et al. 1990; Filippi et al. 2000; van Elsas et al. 2007). 
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Despite the positive results obtained for the survival of biocontrol strains in 
compost, the effectiveness of disease control was affected by microorganism 
density and other factors, such as salinity, decomposition level of organic matter 
(stability), microbial species colonizing the compost after the heat-peak and the 
type of plant pathogens to be controlled. For these reasons, it is difficult to 
standardize these methodologies for a successful industrial application. 
Few studies are available on the disease suppressive effect of composted olive 
wastes. Lima et al. (2008) and Alfano et al. (2009) observed that OHH compost 
consistently reduced the growth in vivo and in vitro of Verticillium dahliae and 
other important fungal pathogens. Ntougias et al. (2008) demonstrated high levels 
of suppressiveness against Phytophthora nicotianae in tomato plants amended 
with OH compost. In both experiments the suppressive effects were correlated to 
the microbial population in compost. Additionally, Cayuela et al. (2008) showed 
the abiotic suppressiveness of raw and composted OHH due to the presence of 
chemical compounds, which make them potential pesticides against several 
species of fungi, weeds and nematodes. 
Even fewer studies are available on the use of biocontrol strains for the 
production of suppressive compost from olive mill by-products. Lima et al. (2008),  
found that the incorporation in soil of 15% (w/w) of cured OHH compost enriched 
with T. viridae significantly reduced the density of V. dahliae in soil. Filippi et al. 
(2000) , using an in planta test , performed with soils naturally infected with 
Fusarium oxysporum, showed a significant ability of a pre-conditioned EOH 
compost with the strain B. subtilis M51, to protect plants with an outliving above 
75% respect to the controls. 
The results of these investigations suggest that composted olive by-products could 
represent a very good amendment not only because of their positive agronomic 
properties, but also because their potential stimulation of plant natural defenses 
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and their suppressive effect against plant pathogens. However, further research is 
required to better understand the nature and the variability of the composted 
OHH biocontrol effects. 
 
1.6 Aims of the research 
The aim of this study was to develop a microbial starter for the transformation of 
the problematic olive oil extraction by-product, “humid husk”, into a green 
amendment with disease-suppressive potential. 
The research was focused on the following tasks:  
• isolation, identification and selection of microorganisms able to enhance 
the OHH composting process and to improve the compost 
suppressiveness; 
• set up of a OHH composting procedure based on the use of the selected 
starter cultures; 
• monitoring of the biocontrol agent Bacillus subtilis M51/II introduced as 
component of the microbial consortium inoculum during and after the 
composting process. 
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2. MATERIALS AND METHODS 
 
2.1   Screening of microorganisms capable of degrading OHH 
 
2.1.1 Microorganisms and cultural conditions 
Microbial strains used in this work were isolated from OHH, partially composted 
EOH and from soil with the exception of the Phanerochaete chrysosporum strain 
ATCC 42538 that was purchased from the American Type Culture Collection 
(ATCC) and the Arthrobotrys oligospora strain DMSZ 2023 purchased from the 
German Collection of Microorganisms and Cell cultures. 
All bacterial, actinobacteria and yeast strains were stored at -80 °C in 20% glycerol 
whereas the filamentous fungi were stored in Malt agar slopes under mineral oil. 
Before being used they were grown at 28 °C on Nutrient agar (bacteria) , 
Waksman agar (actinobacteria) (Opelt et al. 2004) and Malt agar (yeasts and 
microfungi) for 24 hours (bacteria and yeasts), 48-72 hours (actinobacteria) and 7 
days (microfungi).  
All reagents and microbial media used were lab grade from Sigma-Aldrich and 
Oxoid, respectively. 
 
2.1.2 Taxonomic identification 
The taxonomic identification of the strains was carried out by means of molecular 
analysis of the 16S subunit (bacteria and actinobacteria) and of the internal 
transcribed space (ITS) region (yeast and fungi) ribosomal DNA. 
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DNA extraction  
Single colonies of each microorganism, with the exception of the microfungi, were 
inoculated on 4 ml nutrient broth tubes and incubated overnight at 28°C without 
agitation. 1 ml of each culture was used for the genomic DNA extraction. The DNA 
of microfungi was extracted from a small quantity of aerial mycelium. The DNA 
extraction was performed using the MasterPureTM Yeast DNA Purification kit 
(Epicentre, tebu-bio), according to the manufacturer’s instructions. 
 
16S rDNA amplification. 
The 16S rDNA amplification was performed with iCycleriQ Multicolor Real-Time 
PCR Detection System (BIORAD) in a final volume of 25 µl, containing 1 µl of 
extracted DNA, 0.2 mM of dNTPs (Finnzymes), 1X buffer (Finnzymes) (50 mM of 
KCl, 10 mM of Tris-HCl [pH 8.3], 0.1% of Triton X-100), 2.5 U of Taq DNA 
polymerase (Finnzymes) and 0.2 µM of each primer, 27f (5’-GAG AGT TTG ATG 
CTG GCT CAG-3’) and 1495r (5’-CTA CGG CTA CCT TGT TAC GA-3’) as described by 
Fani (1997). The thermocycle conditions consisted of an initial denaturation step 
at 94 °C for 2 min, followed by 25 cycles of denaturation at 94 °C for 1.20 min, 
annealing at 60 °C for 1min, elongation at 72 °C for 30 s and ending with an 
elongation step at 72 °C for 5 min. The amplified DNA was sent to BMR Genomis 
for sequencing. 
 
ITS rDNA amplification.  
The ITS rDNA amplification was performed with iCycleriQ Multicolor Real-Time 
PCR Detection System (BIORAD) in a final volume of 50 µl containing 1 µl of 
extracted DNA, 0.2 mM of dNTPs (Finnzymes), 1X buffer (Finnzymes) (50 mM of 
KCl, 10 mM of Tris-HCl [pH 8.3], 0.1% of Triton X-100), 2.5 U of Taq DNA 
polymerase (Finnzymes) and 0.4 µM of each primer, ITS1 (5’-TCC GTA GGT GAA 
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CCT GCG G-3’) and ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) (White et al. 1990). 
The thermocycle conditions consisted of an initial denaturation step at 94 °C for 
2.3 min, followed by 25 cycles of denaturation at 94 °C for 1.20 min, annealing at 
55 °C for 30 s, elongation at 72 °C for 30 s and ending with an elongation step at 
72 °C for 7 min. The amplified DNA was sent to BMR Genomis for sequencing. 
The 16S/ITS rDNA gene sequences obtained from the isolates were compared 
with sequences filed in the NCBI database, using the BLAST program. Pair-wise 
alignment giving a close match from 99 to 100% with sequence analyzed were 
chosen. 
 
2.1.3 Selection of starter cultures 
To ensure a broad range of microbial degrading capability, microorganisms of the 
composting starter were a pool of microbes belonging to the groups of 
heterotrophic bacteria, saprophytic fungi, yeasts and actinobacteria, selected on 
basis of the following ability: 
• growth on olive humid husk; 
• degradation of lignocelluloses; 
• degradation of polyphenols; 
• lipase activity;  
• Biocompatibility among them; 
• Temperature resistance. 
To simplify the screening work, two different pre selection steps were performed 
before testing the degrading ability, temperature resistance, and biocompatibility 
of microorganism. In the first step the ability of strains to grow and quickly 
colonize OHH was tested. Strains that showed a positive or significant growth 
were selected and molecular identified. After molecular identification a new 
selection step was performed. This selection was based on the available 
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information of each strain.  This step was necessary to avoid testing the same 
microorganism more than one time or to discard undesirable microorganism (e.g. 
pathogens). 
 
2.1.4 Ability to grow on olive humid husk 
All microbial strains were investigated for their ability to grow on olive humid husk 
agar (OHH agar) without other carbon sources. 
The OHH agar was prepared as follows:  100 g (d.w) of olive humid husk (sieved to 
1.5 mm size particle) were mixed with 1.5 g of yeast extract, 10 g of Agar and 1000 
ml of distilled water. The media was autoclaved at 121 °C for 20 min and then 
poured into Petri dishes. 
A single colony of each bacterial, actinobacterial and yeast strain was picked from 
a fresh culture and streaked out on nutrient agar plate (control) and on OHH agar 
plate. The plates were incubated at 28 °C for 72 hours and were daily examined to 
assess the microbial growth. The growth was expressed as comparative 
assessment vs. the control plates. 
In the case of microfungal strains, 3x3 mm agar blocks cut from a week-old fungal 
culture were placed at the centre of Malt agar plates (control) and on the center 
of OHH agar plates. The plates were kept at 28 °C during a week. To evaluate 
growth speed, the diameter of the fungus was measured daily. 
All cultures were done in triplicate. Data were classified as follows: (-) no growth, 
(+) poor growth (less than the control), (++) positive growth (quite the same that 
the control), (+++) best growth (better than the control).  
The test was performed also using composted OHH instead of OHH. 
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2.1.5 Lignocellulose degrading ability 
Lignocellulose degrading ability was investigated with fungal and actinobacterial 
strains. Two methods were used:  
• Filter paper degradation test, in Cellulolysis Basal Medium (CBM) agar 
(Pointing 1999); 
• Cellulose Azure agar test as described by Pointing (1999). 
 
Filter paper degradation test  
0.1 ml of fresh actinobacterial culture or 0.1 ml of fungal spore suspension of each 
strain was inoculated in triplicate on CBM agar Petri dishes. After inoculation, a 
sterile filter paper (8 cm diameter) was placed aseptically on each plate. Plates 
were incubated at 28 °C for 10 days. Microbial growth was examined daily. Filter 
paper colonization indicates cellulolysis (Figure 2).  
 
 
Figure 2. Filter paper test with positive response by Trichoderma artroviride. 
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Cellulose Azure agar test 
0.1 ml of fresh actinobacterial culture or of fungal spore suspension of each strain 
was inoculated in triplicate in 50 ml tubes containing a lower layer of CBM agar 
and a upper layer of a cellulose dye-complex (Azure I dye, C.I. 52010). Tubes were 
incubated at 28 °C for 10 days and microbial growth was examined daily. 
Migration of the dye into the clear lower layer indicates cellulolysis (C +) and the 
subsequent dye decolorization is related with ligninolytic peroxidase production (L 
+) (Thorn 1993 ) (Figure 3). 
 
 
Figure 3. Cellulose azure agar test. a) control, b) Trichoderma atroviride, the 
diffusion of the dye indicates cellulolysis (C +), (c) Phanerochaete chrysosporium 
the disappearance of the dye indicates ligninolysis (L +). 
 
2.1.6 Phenol degradation 
All strains were investigated for their ability to grow in the presence of phenols 
added, as the sole carbon source, to a mineral basal medium (MBM) (Principi et 
al. 2003). A mixture of five aromatic compounds, to a final concentration of 500 
ppm (100 ppm of each phenol), was used. The phenols added to the MBM were: 
caffeic, syringic, vanillic, ferulic, and p-cumaric acid.  
0.1 ml of fresh culture suspension of each strain was spread on nutrient/malt agar 
plate (control) and on MBM agar plate added with the phenols mixture. Plates 
c b a
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were incubated at 28 °C during 1 week and the microbial growth was examined 
daily. All cultures were done in triplicate. Data were classified as follows: (-) no 
growth, (+) growth. 
 
2.1.7 Lipase activity  
Lipase activity was tested using the tween 80 opacity test (Slifkin 2000). The agar 
medium was prepared with 10.0 g of Bacto Peptone, 5.0 g of NaCl, 0.1 g of CaCl2, 
15.0 g of agar, and 1,000 ml of distilled water. After the medium was autoclaved it 
was cooled to about 50 °C and 5 ml of autoclaved Tween 80 was added. The 90-
mm petri dishes were filled with 25 ml of the medium. The inoculated agar plates 
were incubated at 28 °C and were examined daily through 10 days. The presence 
of a halo around the inoculated site on the Tween 80 medium indicated a positive 
response (Figure 4).  
A complementary test was done using the Spirit blue agar (Difco) with an extra-
virgin olive oil emulsion prepared according to manufacurer’s instructions : the 
emulsion was prepared dissolving 1 mL polysorbate 80 in 400 mL warm  de-
ionized water, adding 100 mL olive oil and agitating vigorously to emulsify. 
Inoculation was performed in the centre of the plate. Positive lipolytic 
microorganisms were detected by the presence of colonies with halos indicating 
lipolysis. 
Halos observed in both tests described above were measured. Lipolytic activity 
was calculated as an index of the total diameter of the colony + the halo divided 
by the diameter of the colony. Index values >1.0 indicates lipolytic activity. 
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Figure 4. Tween 80 opacity test. The halo around the strain Serratia marcescens is 
the result of the precipitation, as calcium salt, of the fatty acids released by the 
hydrolysis of Tween. 
 
2.1.8 Biocompatibility 
To avoid problems due to incompatibility among the selected strains of the 
compost starter, biocompatibility tests were performed on Nutrient agar and OHH 
agar Petri plates. All combinations of strains (belonging or not to the same 
microbial group, bacteria, actinobacteria, yeast and fungi) were tested, co-
culturing the strains two by two in the same plate. The presence and the 
extension of a zone of growth inhibition (zone of inhibition) indicates 
incompatibility (Poulsen et al. 2007) (Figure 5). The zone of inhibition was 
measured and data were expressed as follows:  0 mm, no inhibition (-), (1-5 mm), 
weak inhibition (+), (> 5 mm), strong inhibition (++), (no growth), complete 
inhibition (+++). All biocompatibility tests were performed in triplicate. 
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Figure 5. Biocompatibility test between actinobacteria strains. a) the no-growth 
halo around the central colony indicates strong inhibition (++), b) no inhibition (-). 
 
2.1.9 Thermotolerance test  
A single colony of each bacterial, actinobacterial and yeast strain was picked from 
a fresh culture and streaked out on Nutrient agar (bacteria), Waksman agar 
(actinobacteria) and Malt agar (yeast and microfungi). All strains were incubated 
at 28 °C (control) and 50 °C for 24 hours (bacteria and yeast), 48-72 hours 
(actinobacteria) or a week (microfungi). To confirm the vitality of the strains, after 
the incubation period, all culture plates without microbial growth at 50 °C were 
further subjected to another incubation period at 28 °C. Microbial growth was 
checked daily. All analyses were done in triplicate. 
 
 
 
 
 
a b 
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2.2 OHH composting using the selected starter cultures 
 
2.2.1 Experiment set up 
The composting of humid husks was carried out in static Piles (1 m high and 1.5 m 
base diameter) of about 200 kg each. The Piles were set up on waterproof cloths 
to avoid the loss of percolate. Expanded clay was added (10% by volume) to the 
composting mixture as bulking agent.  
During the composting period, the moisture content of the Piles was kept 
between 40-60% and, to allow aeration and to control the temperature, the Piles 
were mechanically turned every time the internal temperature  exceeded 45 °C. 
The process was monitored on-site for temperature with long-stem (60 cm) 
thermometers. 
Two treatments were tested: Piles A, OHH without the starter, and Piles B, OHH 
with the starter. 3 replicates of each treatment were performed.  The proportion 
(w/w on a fresh weight basis) of the raw materials used were as follows: 
Piles A: wet olive husk (80%), de-oiled husks (10%), expanded clay (10%) 
Piles B: wet olive husk (80%), Starter B (10%), expanded clay (10%) 
 
2.2.2 Starter preparation  
1L of each previously selected strain in exponential phase was inoculated on 6 kg 
of de-oiled husk mixed with 2 kg of lupin flour (Starter A). After 3 days, 80 kg of 
de-oiled husks were inoculated with 20 kg of the starter A and kept for 10 days in 
mechanically turned Piles to allow the microbial propagation (Starter B). 1% (w/w) 
brewery’s yeast was added to enhance the microbial growth. The temperature 
was maintained ≤ 40 °C and humidity around 60%.  
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Figure 6. Inoculated Pile during OHH composing. The white zones indicate 
microbial colonization. 
 
2.2.3 Sampling 
Samples for physical-chemical analyses were taken at the beginning of the process 
(0 days), after 15, 30, 60 and 90 days. Samples consisted in ten sub-samples taken 
at different points of each Pile as follows: 3 surface samples (1-10 cm depth) and 7 
bulk samples (40-50 cm depth). Sub samples were mixed in equal quantity and the 
samples, one for each Pile, were stored in sterile polyethylene bags at 4 °C until 
use. 
 
2.2.4 Physical and chemical traits 
pH was determined potentiometrically (compost to water ratio 1:2.5). Total 
organic carbon (TOC, g·kg-1) was determined by dry combustion (induction 
furnace 900 CS, ELTRA). Fats were determined gravimetrically, after extraction 
with hexane (Galoppini et al. 1969). 
On the soluble fraction, obtained by shaking sample and water in a 1:50 ratio for 1 
hour, the following analyses were performed: electrical conductivity, (Conmet 1, 
 37 
 
Hanna Instr.); phenolic compounds, expressed as p-coumaric acid (Kuwatsuka et 
al. 1973). 
The humic substances were extracted by shaking the sample with 0.1 M NaOH + 
Na4P2O7 (1:10 w/w) under N2 for 24 h at room temperature. After centrifugation 
at 5000 g for 30 min, the supernatant was filtered through a 0.20 µm membrane 
and the raw fulvic acid and humic acid (HA) fractions separated by acidifying to pH 
2 with H2SO4. Isolation, separation and purification of “true” fulvic acid (FA) were 
assessed by adsorption on insoluble polyvinylpyrrolidone (PVP), as suggested by 
Lowe (1975). Total and humic C in any fraction were determined by Cr2O7
2- 
oxidation. According to the standard procedure described by Sequi (1986) and 
Tomati et al. (1996), the humification index (HI), humification degree (HD) and 
humification rate (HR) were calculated as follows: 
 
 =    + 	
⁄  
 =  [ + 	
 ] × 100⁄  
 = [ + 	
/] × 100 
 
Where NH is the non humified fraction and TEC is the total extractable carbon. 
A short-term aerobic incubation procedure was used to determine the respiration 
of the compost; 50 g of material were incubated at 25 °C and moistened to 50% of 
the maximum water holding capacity in 300 ml glass containers closed with 
rubber stoppers. Glass vials holding 10 ml of 0.5 N NaOH were placed in the 
containers to trap the evolved CO2. The decomposition was monitored daily 
between the 1st and 28th day of incubation, measuring the CO2 evolution. The 
excess alkali was back-titrated with standard 0.5 N HCl after precipitating the 
carbonate with 1.5 M BaCl2 solution. Daily opening of the bottles to replenish the 
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NaOH for CO2 absorption prevented any inhibition of decomposition owing to lack 
of oxygen. 
Lignin analysis was performed by pH S.r.l laboratory (Florence-Italy). 
Since the total amount of ash present in the material does not change significantly 
through the composting process, data from chemical analyses: phenols, fats, total 
organic carbon (TOC), total nitrogen (TN), humic acids (HA), Fulvic acids (AF) and 
lignin, were transformed on the principle of ash preservation and expressed as 
absolute values (u.w., i.e. units of weight) (Adani et al. 1997)  
 
2.2.5 Enzymatic activities 
The different enzymatic activities were assayed on fresh sieved compost stored at 
4 °C, within 1 week from sampling. The assays were performed to determine the 
activity of dehydrogenase (µg triphenylformazan g-1h-1) (Casida et al. 1964), 
alkaline phosphatase (µg paranitrophenol g-1h-1) according to Tabatabai and 
Bremner (1969), lipase activity using p-nitrophenyl butyrate as substrate 
(Margesin et al. 2002), β-glucosidase (µg paranitrophenol g-1h-1) according to 
(Evianzi et al. 1988) and urease (µg N-NH4 g-13h-1) (Hofmann 1963). The general 
enzymatic activity was measured by the fluorescein diacetate (FDA) hydrolysis as 
described by Perucci (1992). 
 
2.2.6 Microbiological counts 
Culturable microorganism were enumerated by traditional viable cell counts. 10 g 
of each sample (wet weight) were suspended in 90 ml of physiological solution, 
and serial dilutions of this suspension were inoculated in agar plates as follows: 
bacteria were enumerated on plates of Nutrient Agar added with nystatin (80 
U/mL), culturable microfungi and yeasts on Malt Agar added with gentamicin (5 
mg/L) and actinobacteria were counted on Waksman Agar (Opelt and Berg, 2004) 
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added with nystatin (80 U/mL). Microbial culturable cells counts were expressed 
as Colony Forming Units (CFU) x g (dry weight) of compost. 
 
2.2.7 Phytotoxicity analysis 
The phytotoxicity analyses were performed at the beginning and at the end of 
composting by the seed germination index (GI). The germination index was 
according to the following formula (Zucconi et al. 1985): 
 
GI %
 = 100 × 
n. germinated seeds (treatment)×Root length (treatment)
n. germinated seeds control
×Root length (control)
 
 
Seed germination test were performed using Lepidium sativum L. seeds and water 
extract of the compost. Extracts were obtained by centrifugation of the compost 
at 85% of moisture at 6000 rpm for 15 min and then filtering through a 0.45 µm 
membrane filter. Ten seeds were placed on filter paper in a 90 mm plastic Petri 
dish moistened with 1 ml of the compost extract at 30, 50, 70, 100% of the 
original extract concentration. De-ionised water was used as control treatment. 
All treatments were done in five replicates. Seeds were incubated at 28 °C in the 
dark. After 24 h, seed germination and root elongation were stopped with 
ethanol, the numbers of germinated seed were counted, and the root lengths 
were measured. 
The samples were defined phytotoxic, when the GI was lower than 75% at an 
extract concentration of 30%. 
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2.3 Monitoring of the biocontrol strain Bacillus subtilis M51/II 
 
2.3.1  The strain Bacillus subtilis M51/II 
The gram-positive bacteria B. subtilis M51/II is a spontaneous streptomycin-
rifampycin resistant mutant that was isolated from soil, which showed 
suppressive activity against phytopathogenic microfungi, among them Rhizoctonia 
solani, Fusarium oxysporum, F. roseum, Pyrenochaete lycopersici, Verticillum 
dahliae and Sclerotium rolfsii (Filippi et al. 1984). An example is reported in Figure 
7. 
 
 
Figure 7. In vitro test showing the antagonistic activity of B. subtilis M51/II on 
Sclerotium rolfsi. (Courtesy of Dr. Stefano Bedini, University of Pisa). 
 
Its antimycotic activity is due to the production of a molecule identified as Iturin 
A2 (Citernesi et al. 1994). Furthermore, the strain B. subtilis M51 produces 
indolacetic acid (IAA) suggesting that this microorganism may also improve plant 
growth and health (Felici 2007). 
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2.3.2 Survival of the strain B.subtilis M51/II in during composting 
M51/II was monitored by colony PCR with SCAR primers 123F/R (Felici 2007). 
Samples at 0, 15, 30, 60, and 90 days of OHH composting were collected in order 
to monitoring the strain B. subtilis M51/II. 10 g of compost was suspended in 90 
ml of 0.9% NaCl solution and cells extracted for 15 min using a rotary shaker at 
maximum speed. 100 µl of serial dilutions (1:10) were inoculated on Nutrient agar 
supplemented with cicloeximide 100 mg l-1, streptomycin 100 µg ml-1 e rifampycin 
75 µg ml-1. After two days of incubation at 28 °C, colony numbers were recorded. 
To count spore forming bacteria, a previous treatment at 80 °C per 2 min was 
performed on 2 ml suspension before inoculation. 
100 colonies (at random) were picked from the plates to the highest dilution, 
dissolved directly in the PCR reaction tubes and tested with the strain-specific 
SCAR primer pair 123f/r as described by Felici (2007). 
The amplification was performed with Step-one Real Time PCR System (Applied 
Biosystem) in a final volume of 25 µl, containing 0.2 mM of dNTPs (Finnzymes), 1X 
buffer (Finnzymes) (50 mM of KCl, 10 mM of Tris-HCl [pH 8.3], 0.1% of Triton X-
100), 2 mM MgCl2, 0.625 U of Taq DNA polymerase (Finnzymes) and 0.4 µM of 
each primer, 123f (5’-CGG GTT GAT AGT CTT ACC G-3’) and 123r (5’-AAA GAC GAA 
GCG AAA CTG AAA C-3’). The thermocycle conditions consisted of an initial 
denaturation step at 94 °C for 4min, followed by 35 cycles of denaturation at 94 °C 
for 1 min, annealing at 60 °C for 1min, elongation at 72 °C for 30 s and ending with 
an elongation step at 72 °C for 10 min. 
PCR products were analyzed by agarose gel (2% w/v) electrophoresis in Tris-
borate-EDTA 1X (TBE) buffer containing 0.5 µg/ml ethidium bromide.  
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2.3.3 Persistence of the strain B.subtilis M51/II in the compost 
To assess the persistence B. subtilis M51/II in the composted OHH, 6 kg of OHH 
compost was kept at room temperature in the dark culture. Microbial analysis was 
performed as described in 2.3.1. The persistence of the B. subtilis strain in the 
mature compost was verified after 1, 4, 8 and 12 months of conservation of the 
compost at 28 °C. This assay was done in triplicate. 
 
2.4 Statistical analysis 
Results are the means of determinations made on three replicates (n = 3). The 
effects of the composting process on starting material were evaluated by one-way 
(time as factor) analysis of variance (ANOVA) after data transformation when 
needed to fulfil the assumptions of the ANOVA. The significance of the use of the 
starter compared to the controls (inoculation as factor) was assessed by Student’s 
t test. Analyses were performed with the STATISTICA 6.0 software (StatSoft, Inc., 
Tulsa, OK, USA). Means and standard errors (S.E.) given in the tables and figure 
are for untransformed data. 
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3. RESULTS AND DISCUSSION 
 
3.1 Screening and selection of starter cultures 
In order to formulate an effective OHH composting starter, a consortium of 
microorganisms were selected since there is not any particular microorganism 
that could drive alone the whole composting process (Bolta et al. 2003). Each of 
the selected microorganisms were characterized by different and/or 
complementary degrading abilities or biological properties useful for agriculture. 
The following microorganisms requirements were considered: 
a. Ability to grow on and quickly colonize OHH, 
b. Ability to degrade the recalcitrant and toxic compounds present in OHH 
such as cellulose, lignin, phenols and fats, 
c. safety for plants and humans, 
d. biocompatibility among them, 
e. resistance to high temperatures,  
f. usefulness for agriculture (i.e. biocontrol agents, growth promoting 
microorganisms). 
 
3.1.1 Ability to grow on OHH 
About 50 microbial strains of the groups of bacteria (20 strains), yeast (10 strains), 
microfungi (10 strains) and actinobacteria (10 strains) were evaluated for their 
ability to grow on OHH as sole source of carbon. 66% of the strains were able to 
grow on solid OHH medium at 10% concentration, while seven strains were able 
to grow only at 5% OHH concentration (Table 4). The scarce ability of some of the 
soil isolated strains to grow on OHH was probably due to the toxicity of this 
material. Actually, while all the strains isolated from OHH (12 strains) and from 
partially composted EOH (12 strains) showed a similar (++) or better growth (+++) 
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respect to the control, only 14 out of 24 of the strains isolated from soil were able 
to use the OHH as a sole source of carbon. Interestingly, growth ability was shown 
also by the fungal strains of A. oligospora and P. crysosporium from DSMZ and 
ATCC Collections. 
Microbial strains showing negative (-) or poor growth (+) on OHH, were eliminated 
from the selection tests with the exception of the pseudomonas strains that 
although showing a poor growth were kept, because of their plant growth 
promoting abilities. Overall, 34 strains out of 50 were pre selected (Table 4). 
 
Table 4. Microorganisms ability to grow on OHH agar medium. 
N. Strain Code* Origin 
Growth in 
 OHH agar 5% 
Growth in  
OHH agar 10% 
Microbial group 
1 B2 OHH +++ ++ Bacteria 
2 B3 OHH ++ ++ Bacteria 
3 B4 OHH ++ ++ Bacteria 
4 B11 OHH ++ ++ Bacteria 
5 M51/II soil +++ +++ Bacteria 
6 2/3 soil + - Bacteria 
7 12/11 soil - - Bacteria 
8 17/5 soil - - Bacteria 
9 17/7 soil - - Bacteria 
10 17/8 soil - - Bacteria 
11 17/10 soil - - Bacteria 
12 19/4 soil + - Bacteria 
13 19/5 soil + - Bacteria 
14 19/19 soil - - Bacteria 
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N. Strain Code* Origin 
Growth in 
 OHH agar 5% 
Growth in  
OHH agar 10% 
Microbial group 
15 19/20 soil - - Bacteria 
16 20/13 soil - - Bacteria 
17 23/9 soil + - Bacteria 
18 24/9 soil - - Bacteria 
19 25/3 soil - - Bacteria 
20 26/6 soil + - Bacteria 
21 A6 EOH ++ ++ Actinobacteria 
22 A48 EOH ++ ++ Actinobacteria 
23 AB11 EOH +++ +++ Actinobacteria 
24 AC3 EOH ++ ++ Actinobacteria 
25 AC10 EOH ++ ++ Actinobacteria 
26 AC20 EOH ++ ++ Actinobacteria 
27 ATB42 EOH ++ ++ Actinobacteria 
28 SA51 EOH ++ ++ Actinobacteria 
29 SA55 EOH ++ ++ Actinobacteria 
30 SA58 EOH ++ ++ Actinobacteria 
31 1(1) OHH +++ +++ Yeast 
32 4(1) OHH +++ +++ Yeast 
33 5(2) OHH ++ ++ Yeast 
34 12(2) OHH ++ ++ Yeast 
35 2(3) OHH ++ + Yeast 
36 8(4) OHH ++ ++ Yeast 
37 9(4) OHH ++ ++ Yeast 
38 11(4) OHH ++ ++ Yeast 
39 3(5) EOH + - Yeast 
 46 
 
N. Strain Code* Origin 
Growth in 
 OHH agar 5% 
Growth in  
OHH agar 10% 
Microbial group 
40 8(5) EOH + - Yeast 
41 ATCC 42538   +++ +++ microfungi 
42 Ch soil +++ +++ microfungi 
43 CGF1 soil + + microfungi 
44 CGF2 soil + + microfungi 
45 DSMZ 2023   ++ ++ microfungi 
46 TRC soil +++ +++ microfungi 
47 T14 soil + OHH +++ +++ microfungi 
48 T26 soil + OHH +++ +++ microfungi 
49 PP soil + + microfungi 
50 SS1 soil + + microfungi 
* Strain code used by the Microbiology Laboratory, Department of Crop Biology, University of Pisa. 
The red numbers indicate the strains that were not further considered in this study. OHH, olive 
humid husk; EOH, exhausted olive husk. 
 
3.1.2 Taxonomic identification  
Three of the pre-selected strains were Arhtrobotrys oligospora strains DSMZ2023, 
acquired from the German collection of Microorganisms and Cell Cultures (DSMZ), 
Phanerochaete crysosporium strain ATCC42538 acquired from the American Type 
Culture Collection (ATCC) and Bacillus subtilis strain M51/II from the collection of 
the Microbiology Laboratory, Department of Crop Biology, University of Pisa. The 
remaining 31 microbial strains, including 8 yeasts, 9 bacteria, 10 actinobacteria 
and 4 microfungi, were identified using molecular tools. The closely related 
species retrieved from the NCBI database are summarized in tables 5 and 6. 
The yeast strains were assigned to the genera Rhodotorula, Pichia, Candida and 
Sporopachydermia (Table 5). Among them, Pichia and Candida, are known for 
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their ability to degrade polyphenols and fats (Slifkin 2000; Ettayebi et al. 2003; di 
Benedetto 2009). 
Three fungal strains, 3 were identified as Trichoderma and one strain as 
Chaetomiun (Table 5). Both genera are described in literature as effective lignin-
cellulose degrading microorganisms (Haddadin et al. 2009). Furthermore, several 
strains of the genera Trichoderma are well-known for the antagonistic effect 
against several plant pathogens (Howell 2003). The ITS rRNA sequences of both 
yeast strains and microfungi enlisted in Table 5 are reported in Annex I of this 
Thesis. 
 
Table 5. Closest species based on ITS rRNA sequence similarities (%). 
Code Source Accession No. Strain Similarity  
1(1) 
4(1) 
OHH 
OHH 
AF444541 
AF444541 
Rhodotorula mucilaginosa 
Rhodotorula mucilaginosa 
99 
99 
12(2) 
5(2) 
OHH 
OHH 
AF335967 
AF335967 
Pichia fabianii 
Pichia fabianii 
99 
99 
2(3) OHH AF202900 Sporopachydermia lactativora 99 
8(4) 
9(4) 
11(4) 
OHH 
OHH 
OHH 
AJ539378 
AJ539378 
AJ539378 
Candida butyri 
Candida butyri 
Candida butyri 
99 
99 
99 
T26 
T14 
Soil 
Soil  
AF278796 
AF278796 
Trichoderma atroviride 
Trichoderma atroviride 
99 
99 
TRC Soil EF113590 Trichoderma harzianum 99 
CH Soil DQ854987 Chaetomium globosum 99 
OHH, olive humid husk. 
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The bacterial strains were assigned to the genera Pseudomonas, Serratia and 
Bacillus (Table 6) Serratia marcescens has been related to the degradation of 
tannic acids present in OMW (Pepi et al. 2010). On the other hand, Pseudomonas 
and Bacillus are both recognized as plant growth promoting rhizobacteria (PGPR) 
(Compant et al. 2005). 
All actinobacteria strains were identified as Streptomyces spp. One of them, 
Streptomyces drozdowiczii was identified at the species level (Table 6) while the 
other nine actinobacteria, were identified at the genus level (Table 7). 
Streptomyces is known to be the largest antibiotic-producing genus. In fact, about 
60% of the antibiotics developed for agriculture and horticulture have been 
isolated from Streptomyces spp. (Hwang et al. 2001). Some studies indicate also a 
suppressive effect on Salmonella in composted sewage sludge (Millner et al. 
1987). In addition, different Streptomyces species are recognized as lignin-
solubilizing microorganisms (Pasti et al. 1990). 
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Table 6. Closest species based on 16S rRNA sequence similarities (%) 
Code Source Accession No. Strain Similarity  
3/2 Soil EF204248 Pseudomonas synxantha 100 
26/6 
19/4 
Soil 
Soil 
AF094729 
AF094729 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
99 
99 
23/9 
19/5 
Soil 
Soil 
AF094725 
AF094725 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
99 
99 
B2 OHH EF415649 Serratia marcescens 99 
B3  
B4 
OHH 
OHH 
EF178463 
EF178463 
Bacillus amyloliquefaciens 
Bacillus amyloliquefaciens 
99 
99 
B11 OHH AF290545 Bacillus thuringiensis 99 
AB11 EOH AM921646 Streptomyces drozdowiczii 99 
OHH, olive humid husk. 
 
Nine of the Streptomyces strains were not assigned to a single species since their 
16S rRNA sequences resulted 99% similar with sequences belonging to more than 
one species (Table 7). This result indicates that the 16s rDNA sequencing has poor 
discriminatory power for the species belonging to Streptomyces. These difficulties 
in obtaining species identification can be due to the recognition of novel taxa, to 
insufficient sequences deposited in nucleotide databases, to species sharing 
similar and/or identical 16S rRNA sequences, or to nomenclature problems arising 
from multiple genomovars assigned to single species or complexes (Patel 2001). 
The 16S rDNA sequences of the 11 bacterial strains enlisted in Table 6, along with 
the 16S rDNA sequences of the 9 actinobacterial strains reported in Table 7 are 
included in Annex I of this thesis. 
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Table 7. Species with more than one 16S rRNA sequence similarities (%). 
Code Source Strains Similarity  
A6 EOH Streptomyces lohii, S. globisporus 
anulatus 
99 
A48 EOH Streptomyces rochei, S. lateritius, S. 
labedae, S. griseoflavus, S. violaceu, S. 
erythrogriseus, S. cellulosae, S. 
goraiensis, S. aureofaciens, S. microflavu.   
99 
AC3 EOH Streptomyces lohii, anulatus, S. 
tsusimaensis, S. celluloflavus, S. 
xanthocromogenes, S. 
roseochromogenus.    
99 
AC10 EOH Streptomyces anulatus, S. lohii, S. 
tsusimaensis, S. celluloflavus, S. 
xanthocromogenes, S. 
roseochromogenus, S. californicus, S. 
avidinii, S. spiroverticillatus, violaceus. 
99 
AC20 EOH Streptomyces lohii, S. anulatus, S. 
tsusimaensi, S. celluloflavus, S. 
xanthocromogen, S. roseochromogenus, 
S. badius, S. avidinii. 
99 
ATB42 EOH Streptomyces microflavus, S. anulatus, S. 
lavendulae subsp. lavendulae, S. 
flavolimosus, S. caviscabies, S. 
diastaticus, S. Verne. 
99 
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Code Source Strains Similarity  
SA51 EOH Streptomyces microflavus, S. anulatus, S. 
lavendulae subsp. lavendulae, S. 
flavolimosus, S. caviscabies, S. 
diastaticus, S. verne. 
99 
SA55 EOH Streptomyces spororaveus, S. avidinii, S. 
lavendulae, S. subrutilus, S. nojiriensis, S. 
goshikiensis, S. cinnamonensis, S. 
roseochromogenus, S. aureus, S. 
sporoverrucosus. 
99 
SA58 EOH Streptomyces microflavus, S. anulatus, S. 
diastaticus, S. lavendulae subsp. 
lavendulae, S. flavolimosus, S. 
caviscabies, S. flavofuscus, S. tricolor, S.  
99 
EOH, exhausted olive husk. 
 
Among the 34 preselected microbial strains, 16 microorganisms were chosen, in 
order to exclude strains belonging to the same species and to constitute a 
microbial consortium consisting of the main microbial groups as follow: 4 bacteria, 
4 yeast, 4 actinobacteria and 4 microfungi. 
 
3.1.3 Characterization of OHH starter cultures 
The selected strains were submitted to further tests to evaluate their degrading 
abilities, temperature resistance and biocompatibility. 
As reported on Table 8, all selected actinobacteria and fungi were positive to the 
cellulose degradation tests. As expected, P. chrysosporium was also able to show 
lignin degrading activity (Pasti et al. 1990; Martinez et al. 1998). Lignin and 
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cellulose decomposition is mainly performed by fungi and actinobacteria. Since 
OHH is a lingnocellulosic material, the presence of cellulolytic and/or ligninolytic 
strains in the microbial consortium of the starter is a essential prerequisite to get 
a successful composting. 
Some strains (i.e. S. marcescens , R. mucillaginosa, and P. fabianii) were able to 
use phenols as sole source of C. These strains were also thermotolerant, indicating 
their possible activity during the thermophilic phase or after the heat peak. 
All bacteria and two yeast strains were positive to the lipolysis  test.  Among them, 
the strains S. marcescens, R. mucillaginosa and C. butyri were the most effective, 
suggesting their possible role in the degradation of this component of the olive 
husks. 
After OHH composting, all pre-selected strains showed ability to grow on OHH 
compost agar.  
Biocompatibility test showed an overall compatibility of the selected strains with 
the exception of the actinobacterial strain ATB42 that showed a strong inibition 
mainly toward the other actinobacteria strains (Table 9). For that reason ATB42 
was eliminated from the starter microbial consortium. Beside, an intermediate 
inhibition was also showed by S. marcescens against B. subtilis. However, the 
ability of Bacillus to form spores, that let it to survive under unfavorable 
conditions, should assure the survival of the strain also in case of competition with 
S. marcescens. 
Moreover, inhibition under field conditions can be much different from that 
observed in the laboratory due to clumping of solids, irregular distribution, 
variable environmental conditions and nutrients availability (Wei et al. 2007). 
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Table 8. Results of degrading test, temperature resistance and compost colonization. 
Code Strain  
Cellulose 
degradation 
 
Phenols 
degradation 
 
Lypolitic 
Activity 
 
Thermotolerance 
50°C 
 
Growth in 10% 
OHH compost 
   FPD CAA    T-80 SBA  Growth Survival   
B2 Serratia marcescens  n.d n.d  +  4 3  - +  +++ 
M51/II Bacillus subtilis  n.d n.d  -  2 2  + +  +++ 
2/3 Pseudomonas synxantha  n.d n.d  -  3 2  - -  ++ 
19/5 Pseudomonas fluorescens   n.d n.d  -  2 2  - -  ++ 
4(1) Rhodotorula mucillaginosa  n.d n.d  +  2 4  - +  +++ 
5(2) Pichia fabianii  n.d n.d  +  1 1  + +  +++ 
8(4) Candida butyri  n.d n.d  -  3 4  + +  +++ 
2(3) Sporopachydermia lactativora  n.d   n.d  -  1 1  - -  +++ 
AB11 Streptomyces drozdowiczii  + C+  -  n.d n.d  + +  +++ 
AC3 Streptomyces sp.  + C+  +  n.d n.d  - +  +++ 
AC20 Streptomyces sp.  + C+  -  n.d n.d  - +  +++ 
ATB42 Streptomyces sp.  + C+  -  n.d n.d  - +  +++ 
ATCC 42538 Phanerochaete chrysosporium  + C+ L+  +  n.d n.d  + +  +++ 
Ch Chaetomiun globosum  + C +  +  n.d n.d  - -  +++ 
DSMZ 2023 Arthrobotrys oligospora  - -  +  n.d n.d  - -  +++ 
T14 Thricoderma atroviride  + C +  +  n.d n.d  - -  +++ 
FPD, Filter paper degradation test; CAA, Cellulose Azure Agar test; T-80,  Tween 80 opacity test, SBA,  spirit Blue Agar test; n.d, not  determined  
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Table 9. Biocompatibility test among microorganism pre-selected as inoculum to 
enhance OHH composting process. 
    Antagonist  
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Code Test organism                 
B2 S. marcescens  - - - - - - - - - - - - - - - 
M51 B. subtilis ++  - - - - - - - - - + - - - - 
2/3 P. synxantha - -  - - - - - - - - - - - - - 
19/5 P. fluorescens  - - -  - - - - - - - - - - - - 
4(1) R. mucillaginosa - - - -  - - - - - - - - - - - 
5(2) P. fabianii - - - - -  - - - - - - - - - - 
8(4) C. butyri - - - - - -  - - - - - - - - - 
2(3) S. lactativora - - - - - - -  - - - - - - - - 
AB11 S. drozdowiczii - - - - - - - -  - - ++ - - - - 
AC3 Streptomyces sp.  - - - - - - - - -  - ++ - - - - 
AC20 Streptomyces sp.  - - - - - - - - - -  ++ - - - - 
ATB42 Streptomyces sp.  - - - - - - - - - - -  - - - - 
ATCC  
42538 
P. chrysosporium + + - - - - - - - + + +  + - + 
Ch C. globosum - - - - - - - - - + + + -  - + 
DSMZ 
2023 
A. oligospora + + - - - - - - - + + - + +  + 
T14 T. atroviride + + - - - - - - - + - + - - -   
 
3.2 OHH Composting using starter cultures  
According to the degradability test and biocompatibility, the microorganisms used 
as starter to compost the OHH were the following: 
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1. Serratia  marcescens; 
2. Bacillus subtilis M51/II; 
3. Pseudomonas synxantha; 
4. Pseudomonas fluorescens; 
5. Rhodotorula  mucilaginosa; 
6. Pichia  fabiani; 
7. Candida butyri; 
8. Streptomyces drozdowiczii; 
9. Streptomyces spp (AC3); 
10. Streptomyces spp. (AC20); 
11. Phanerochaete chrysosporium ATCC 42538; 
12. Chaetomium globosum; 
13. Trichoderma  atroviridae. 
 
3.2.1 Physical and chemical traits 
The composting process was monitored by detecting the main physical and 
chemical traits in order to evaluate the organic matter transformation due to the 
microbial activity.  
 
Temperature  
During the composting process, microbial breakdown of organic matter generates 
heat as a byproduct. Thus, variations of temperature reflect the rate of organic 
matter degradation. High temperature indicates a greater microbial activity and, 
as a consequence, a high rate of degradation processes.  
Temperature profile during OHH composting of Piles A (not inoculated) and Piles B 
(inoculated) is presented on Figure 8. 
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Figure 8. Temperature trend during OHH composting (A , non inoculated piles; B, 
inoculated piles). 
 
Piles inoculated with the starter (Piles B) showed the three typical thermal stages 
of composting (mesophilic, thermophilic and cooling stage). The thermophilic 
phase started after a week of composting and lasted about 20 days. The maximum 
temperature recorded (55-60 °C) lasted for about 5 days, that is considered 
enough to guarantee the compost sanitization (Christensen et al. 2002). After 30 
days Piles temperature decreased, reaching the ambient temperature after 60 
days of composting, thus, indicating the stabilization of the organic matter and the 
beginning of the maturation stage of the composting process. Previous studies of 
co-composting OHH with manure or other agricultural wastes reported longer 
periods of stabilization (80-180 days) (Alburquerque et al. 2006; Alfano et al. 
2008; Cayuela et al. 2008; Montemurro et al. 2009). The shorter time of OHH 
stabilization respect to those studies and the differences observed in this 
experiment between inoculated and non-inoculated treatments clearly indicate 
the effectiveness of the selected inocula to enhance the OHH biodegradation. 
0
10
20
30
40
50
60
70
0 5 10 15 20 25 30 35 40 45 50 55 60
te
m
p
e
ra
tu
re
 °
C
days
A B
 57 
 
Conversely, in the Piles not inoculated with the microbial starter (Piles A) the 
maximum temperature (35 °C) was reached after 45 days of composting and a 
true thermophilic phase (temperature above 45 °C) was not observed. This trend, 
characterized by a very long activation phase, is similar to the one reported by 
Ranalli et al. (2002) for a composting process of OHH without manure or microbial 
inocula addition, but it is in contrast with results obtained by Bedini et al. (2000) 
and Alfano et al. (2008), who observed a thermophilic phase after 20-30 days of 
OHH composting without inoculation. These contrasting results are probably due 
to environmental factors such as ambient temperature as well as process 
management or to differences in the OHH microbial and chemical characteristics 
which may have supported an increase in the activity of aerobic microorganisms.  
 
pH 
During composting, the pH increased progressively in both treatments (Figure 9). 
After 60 days, pH of Piles A and Piles B were significantly different (Table 10) from 
the values at the beginning of the process, varying from 6.3 and 6.4 of the starting 
matrices to 7.2 and 8.1 for Piles A and Piles B, respectively. The observed increase 
of pH is attributable to the degradation of acidic compounds and to the release of 
ammonia due to proteins mineralization (Gil et al. 2008). These values are 
consistent with those obtained by previous OHH experimental composting 
processes (Bedini et al. 2000; Alburquerque et al. 2006; Alfano et al. 2008; 
Cayuela et al. 2008). The pH differences observed between treatments confirm 
the highest microbial activity in Piles B as indicated also by the higher 
temperature observed in inoculated Piles respect to the non-inoculated ones. 
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Figure 9. pH trend (mean ± standard error) of the Piles during biodegradation 
process (A, non inoculated; B,  inoculated). 
 
Although the pH final values of both Piles were in the range allowed by the Italian 
law n. 75 for agricultural compost application (Legislative Decree 75/2010) ( 
Table 3), interestingly, in this experiment, the pH decrease usually observed in 
typical composting processes, at the end of the stabilization phase was not 
observed. A similar trend in OHH composting was previously observed by Bedini et 
al. (2000) and Filippi et al. (2002) who related this fact with the absence or a low 
level of autotrophic nitrification by nitrifying bacteria that transform NH4
+ into 
NO3
- with the consequent acidification of the compost Pile. This residual basicity 
may represent a limitation for the agricultural use of the compost. However, this 
problem could be easily solved by the addition of elemental S during the 
maturation phase of the OHH composting as suggested by Roig et al. (2004). 
 
Electric conductivity  
Electric conductivity (E.C.) that reflects the degree of salinity of the matrix and 
may be related with a possible toxic effects toward the plants (Huang et al. 2004). 
6,0
6,5
7,0
7,5
8,0
8,5
0 15 30 45 60
pH
days
A B
 59 
 
In this experiment, E.C. decreased significantly during the process (Table 10) 
lowering at the same extent in Piles A and B (Figure 10). This result is in contrast 
with the finding by Alfano et al. (2008) who reported either an increase or no 
variations in the E.C. respect to the initial value. E. C. variation could be due to the 
volatilization of ammonia as well as to salt losses due to water percolation. 
However, since In this experiment, the high pH values exclude the possibility of 
important microbial ammonia production and since the composting Piles were set 
up on PVC waterproof cloth and no losses of salt by water percolation was 
possible, the observed E.C. decrease may be due to the precipitation of mineral 
salts (Wong et al. 1995; Montemurro et al. 2009). 
 
 
Figure 10. Electric Conductivity trend (mean ± standard error) of the Piles during 
the biodegradation process (A, non inoculated piles; B,  inoculated piles). 
 
Data from chemical analyses: phenols, fats, total organic carbon (TOC), total 
nitrogen (TN), humic acids (HA), Fulvic acids (AF) and lignin, are showed in Table 
10. 
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Table 10. Chemical–physical properties of initial  Piles (T0) and stabilized products 
after 60 days of composting (T60) (values are the mean of 3 replicates). A, = non 
inoculated piles; B = inoculated piles. 
Parameters  
A  B 
T0 T60  T0 T60 
pH 6.3 aA 7.2 bA  6.4 aA 8.1 bB 
C.E (dS m-1) 127.7 aA 77.0 bA  128.3 aA 78.7 bA 
TN (% ) 1.74 aA 1.61 aA  2.05 aB 1.88 bB 
TOC (% ) 47.8 aA 38.7 bA  46.8 aA 31.9 bA 
C/N 27.4 aA 24.0 aA  22.8 aB 16.9 bB 
HA (mg C/g) 18.0 aA 30.3 bA  15.6 aA 41,6 bB 
FA (mg C/g) 17.3 aA 19.8  aA  14.3 aA 19.5 bA 
AH/AF 1.06aA 1.60bA  1.10aA 2.14bB 
HI 0.9 aA 0.4 bA  1.1 aA 0.1 bB 
HD 52 aA 72.4 bA  48 aA 94.5 bB 
HR 7.9 aA 12.2 bA  6.4 aB 19.2 bB 
Ash (%) 7.4 aA 8.6 bA  8.3 aA 11.6 bB 
Fats (%) 
Lignin (%) (*) 
24.6aA 
49.3 
7.22 bA 
38.1 
 21.5aA 
47.7 
2.9 bB 
27.8 
Phenols (mg p-
cumaric acid/g) 
15.5 aA 3.6 bA  14.0 bA 1.6 bB 
Respiration (CO2-C 
mg g-1) 
853.2aA 935.6bA  1087.8aB 678.3bA 
Different letters indicate statistically significant differences (P < 0.05). Low case letters, comparison 
between sampling times within each treatment; Capital letters, comparison between treatments 
within each sampling time. (*) data on lignin content are reported without statistical evaluation 
since they refer to two chemical determinations only. 
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Phenols and fats 
Phenols and fats are important components of OHH and are related with its 
phytotoxic effects.  
In accordance with the findings of Alfano et al. (2008), Baeta-Hall et al. (2005) and 
Ait Baddi et al. (2008; 2009) in the present experiment it was observed that the 
composting process is able to strongly reduce OHH Phenols and fats (Table 10).  
During the composting process, phenols content fell by 70% and by 85% in Piles A 
and B, respectively (Table 10) and, at the end of the process, significant 
differences were observed between the treatments (Table 10). In fact, even if 
almost 50% of total phenols content was degraded during the mesophilic phase in 
both treatments, Pile B showed a greater degree phenols degradation during the 
thermophilic phase (Figure 11). The lower value of phenols content in Piles B at 
the end of composting indicated that the use of the starter enhanced the 
decomposition and/or polymerization of phenols, thus contributing to the humic 
acids formation. 
 
 
Figure 11. Phenols trend (mean ± standard error) of the Piles during 
biodegradation process (A, non inoculated piles; B, inoculated piles). 
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Total Organic Carbon and Total Nitrogen  
During composting the amount of carbon is reduced resulting from oxidation of 
organic C to carbon dioxide (CO2) while nitrogen, except for the losses due to 
ammonia volatilization, is recycled for building cell structure. In this study, TOC 
declined more in Piles B (31.8%) than in Piles A (about 19%) (Table 10), reflecting 
a greater mineralization of organic carbon compounds and indicating a higher 
level of biodegradation in the presence of the microbial starter. The little variation 
of TOC in non inoculated Piles indicates a low level of organic matter evolution 
due to a prolonged lag phase in the microbial activity as confirmed by the 
temperature profile. 
The TN concentration at the beginning of composting was different between Piles 
A and B due to the influence of the starter (Table 10). During composting, the TN 
content showed no variation in Pile A, while a decrease of 8.3% was observed in 
Pile B, possibly, due to nitrogen volatilization during organic matter degradation 
(Filippi et al. 2002). 
As a consequence of the trends of C and N , the C/N ratio decreased from 27.4 to 
24 and from 22.8 to 17, in Pile A and in Pile B, respectively, with final C/N value 
that are to be considered satisfactory for a ready-to-use compost accordingly to 
the Italian legislation (Legislative Decree 75/2010). Even if the C/N ratio was 
different between treatments at the beginning of composting because of the 
influence of the starter, a stronger decrease was observed in Piles B (Table 10). 
 
Humic acids  
Humic acid (HA) and fulvic acid (FA) are main components of humic substances 
and represent a quality factor of the compost. Since the content of HA in the 
compost is due to the degradation of cellulose and lignin and to the 
polymerization of phenolic compounds (Garcia et al. 1991), the content of HA of a 
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compost is related to the organic matter degradation. Moreover, since during 
composting there is a progressively increasing prevalence of HA respect to FA, the 
ratio between them represent an important index of compost maturity (de 
Bertoldi et al. 1983). 
In this experiment, the concentration of HA and FA increased in both Piles (Table 
10) during the composting process. No significant differences between treatments 
were observed at the beginning of composting (Table 10) but, after 60 days, while 
in Piles A, FA and HA values remain unvariated, in Piles B HA was significantly 
higher respect to the initial value (Table 10). As a result, the AH/AF ratio at the 
end of the composting process was significantly higher in Piles B respect to Piles A 
(Table 10). This result clearly indicates that the use of the starter induced a higher 
degree of polymerization in the humic compounds and are confirmed also by the 
Humification index (HI) Humification rate (HR) and Humification degree (HD). At 
the end of the composting, these indices, were significantly different between 
inoculated and non-inoculated Piles indicating an higher rate of humification and 
organic matter stabilization in the inoculated ones. 
 
Respiration activity 
Respiration activity is an important parameter for the determination of the 
stability of compost since it is directly related to the metabolic activity of microbial 
populations. Respiration intensity is high in the early phase of composting when 
easily degradable organic substances induce fast multiplication of microorganisms 
and it declines with time (Saviozzi et al. 2004). 
At the beginning of composting, respiration was higher in Pile B, indicating the 
ability of the starter in inducing a fast start up and in stimulating the 
biodegradation of OHH (Table 10). Interestingly, after 60 days of composting 
respiration increased in Pile A and decreased in Pile B. The lower respiration 
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activity in Pile B indicates the stabilization of the organic matter, which normally 
occurs at the end of the transformation process, while the increase of respiration 
activity after 60 days in Piles A is consistent with the temperature profile (Figure 
8) confirming the hypothesis of a very long activation phase needed in the OHH 
composting in the absence of an appropriate microbial inoculum able to stimulate 
a prompt start up of the process. 
 
3.2.2 Enzymatic activities  
 
β-glucosidase 
β-glucosidase catalyzes the hydrolysis of cellobiose (dimer, deriving from cellulose 
degradation) to glucose thus playing a major role in the decomposition of organic 
carbon compounds. 
In this study, β-glucosidase showed the higher activity at the beginning of 
composting. In Pile A, the enzymatic activity decreased after the beginning of the 
process and remains quite constant from 15 days until the end of the process. In 
Pile B, the enzymatic activity decreased gradually until 30 days and increased at 
the end of the process (Figure 12). 
The high β-glucosidase activity observed at the beginning of composting could be 
due to the presence of easily degradable organic substances and the subsequent 
decrease during composting could be related  with the high content of lignin 
present in OHH, since this enzyme activity is reduced during lignocelluloses 
hydrolysis by interacting with lignin or lignin-carbohydrate complexes (Berlin et al. 
2006). Such an interaction could explain also the differences observed between 
Pile A and Pile B after 30 days of composting. Actually, in Pile B 30 days 
corresponds to the end of the thermophilic phase when the lignocelluloses 
hydrolysis was probably at its highest values. Conflicting results were obtained by 
 Cayuela et al. (2008), who found an increasing β
composting assay of OHH with sheep litter and grape stalks
results may be due to differences in the composition of the composting matrix 
and to difference in the microbial populat
OHH with microbial rich manure and organic wastes.
 
Figure 12. B-glucosidase activity (A, non inoculated
Different letters indicate statistically significant differ
letters, comparison between sampling times within each treatment; Capital 
letters, comparison between treatments within each sampling time.
 
Dehydrogenase 
Dehydrogenase activity has been used as a measure of total biological acti
soils and composts (Tiquia 2005). It occurs intracellularly in all living microbial 
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. These contrasting 
ion induced by the co-composting of 
 
 
 piles, B, inoculated piles). 
ences (P < 0.05). Low case 
 
vity in 
 cells, and is linked with the respiration
the most suitable indicator of compost maturity 
In this study, dehydrogenase activity was higher 
process. The higher microbial activity of 
indicates the effectiveness of the inocula to enhance composting (
Piles B dehydrogenase activity decreased constantly from 15 days of co
while, in Piles A, dehydrogenase activity 
60 days. At the end of the experiment, in 
is consistent with the low respiration activity and low temperatures (
indicating the microbial stability of the matrix
dehydrogenase activity although was even lower than the one in 
consistent with temperature and respiration values in
processes were still ongoing. 
 
Figure 13. Dehydrogenase activity (A = non inoculated
Different letters indicate statistically significant differences (P
letters, comparison between sampling times within each treatment; Capital 
letters, comparison between treatments within each sampling time.
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 process. This parameters is considered as 
(Tiquia 2005; Sharma et al. 2009). 
in Piles B throughout the whole 
Pile B at the beginning of the process 
Figure 13). In 
mposting, 
was statistically not different from 15 to 
Piles B, the low levels of dehydrogenase 
Table 10), 
. On the contrary, in Piles A, 
Piles B was not 
dicating that microbial 
 
 piles, B = inoculated piles). 
 < 0.05). Low case 
 
 Lipase 
The biodegradation of fats begins with an enzymatic hydrolysis of the ester bond 
carried out by lipases, followed by the consumption of glycerol and the 
oxidation of fatty acids. 
During this study, the highest lipase activity was observed at the beginning of 
composting when the fats content was 
activity remained, without significant variations, 
inoculated treatment. (Figure 14). On the contrary, i
decrease constantly from the beginning of the experiment till 30 days and 
increased at 60 days alongside the rise of temperature values recorded 
treatment at the end of the experiment. Accordingly, 
positive correlation of this enzyme with temperature 
al. 2007). 
 
Figure 14. Lipase activity (A, non inoculated
letters indicate statistically significant differences (P
comparison between sampling times within each treatment; Capital letters, 
comparison between treatments within each sampling time.
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higher. In Pile B, from 15 to 60 days, lipase 
higher than the activity in non-
n Piles A lipase activity 
then 
in this 
previous studies found a 
(Ranalli et al. 2002; Gea et 
 
 piles; B, inoculated piles). Different 
 < 0.05). Low case letters, 
 
 Alkaline phosphatase  
Alkaline phosphatase (AP) is responsible for removing 
many different compounds, including 
Therefore, AP activity is very important for the P biogeochemical cycle. This 
enzyme is relevant also as an indicator 
since it is synthesized only by microorganism and does not originate from plant 
residues (Burns 1982). In this study, AP 
treatments along the entire process but, it was significantly higher in the 
inoculated Piles than in non-inoculated 
matter degradation in the inoculated Pile
also found by Cayuela et al. (2008)
composting (Figure 15). 
 
Figure 15. Alkaline Phosphatase activity (A,
piles). Different letters indicate statistically significant differences (P
case letters, comparison between sampling times within each treatment; Capital 
letters, comparison between treatments within each sampling time.
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phosphate groups from 
nucleotides, proteins, and alkaloids. 
of the evolution of composting process, 
activity was constant in the two 
Piles indicating  a better microbial organic 
s.  Similar patterns for this enzyme were 
 and Ranalli et al. (2002) during OHH 
 
 non inoculated piles; B, inoculated 
 < 0.05). Low 
 
 Fluorescein diacetate hydrolysis  
The hydrolysis of Fluorescein diacetate
sensitive, and rapid method for determining the total microbial activity in 
environmental samples including soil and compost 
hydrolyzed by a number of different enzymes, such as proteases, 
esterases. This activity is related to the basal respiration and the organic matte
degradation during composting and it c
biological stability of the composting material 
 
Figure 16. FDA activity (A, non inoculated
letters indicate statistically significant differences (P
comparison between sampling times within each treatment; Capital letters, 
comparison between treatments within each sampling time.
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 (FDA) has been shown to be a simple, 
(Schnurer et al. 1982). FDA is 
lipases, and 
r 
an be used for establishing the level of 
(García-Gómez et al. 2003).  
 
 piles; B, inoculated piles). Different 
 < 0.05). Low case letters, 
 
 
 Urease 
Urease is very important for the N biogeochemical cycle. It catalyzes the 
hydrolysis of urea to CO2 and NH4
+. During this study a higher activity of this 
enzyme was observed in Pile B (Figure 
after 30 days of composting in Piles B and after 60 days in 
are reported in literature.  Benitez et al
little significant changes and low urease acti
dry OH and during the composting OHH
al. (1997) obtained similar results during the co
wheat-straw mixture. In our experiment, t
Piles B during the cooling stage could be linked to the presence of urea originating 
from the intensive microbial activity during the thermophilic phase 
utilized by the growing microorganisms
 
Figure 17. Urease activity (A, non inoculated
letters indicate statistically significant differences (P
comparison between sampling times within each treatment; Capital letters, 
comparison between treatments within each sampling time.
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17). Its maximum activity was observed 
Piles A. Different results 
. (2005) and Cayuela et al. (2008) reported 
vity during the vermicomposting of 
, respectively. On the other hand, Galli et 
-composting of OMW with a 
he high urease activity observed in the 
promptly 
. 
 
 piles, B, inoculated piles). Different 
 < 0.05). Low case letters, 
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3.2.3 Microbial counts  
The evolution of culturable microbial populations demonstrated an intense 
microbial colonization of the substrates during the compost process both in Piles 
A and B. At the beginning of the process, the matrices were predominantly 
colonized by bacteria and yeast with and differences in quantitative terms were 
observed between Piles (Table 11). The density of bacteria, yeast and microfungi 
is consistent with the density reported by Bedini et al. (1998) for the microbial 
populations of OHH produced by different olive mills and with the starting 
matrices of previous experimental OHH composting (Bedini et al. 2000; Filippi et 
al. 2002; Baeta-Hall et al. 2005). Interestingly, in contrast with these previous 
studies, no actinobacterial growth was detected even if Piles B were inoculated 
with the starter that contained actinobacteria strains (See Cap. 3.1.3). This result 
could be explained by a status of not culturability of these microorganisms due to 
the presence of inhibiting substances in the matrix. Actually, the absence of 
actinobacteria has been confirmed also by a parallel study on this compost by 
means of molecular methods (Cossu 2010). The result of this author seems to 
exclude the hypothesis of the presence of viable but nonculturable actinobacteria 
but as the sensibility of the method depend on the efficiency of the DNA 
extraction (Cocolin et al. 2008), an alternative explanation could be a very low 
density, under the detection limit of both the methods, of the actinobacterial 
population. 
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Table 11. Culturable cell counts of the main microbial groups during OHH 
composting. 
Time 
(days) 
 Bacteria  Yeast  Actinobacteria  Fungi 
 A B  A B  A B  A B 
0   1.8E+07 5.4E+07   4.3E+07 5.5E+07   0.0E+00 0.0E+00   4.7E+05 9.3E+05 
15   4.7E+08 2.4E+09   5.0E+07 2.3E+07   0.0E+00 0.0E+00   5.3E+05 3.7E+06 
30   7.8E+08 5.2E+08   1.3E+08 9.3E+06   0.0E+00 0.0E+00   2.3E+07 4.3E+07 
60   7.3E+08 1.5E+08   4.5E+08 2.6E+07   0.0E+00 5.7E+05   5.0E+07 1.7E+08 
90  1.7E+10 9.6E+08  1.9E+08 1.2E+07  0.0E+00 2.7E+06  7.7E+07 4.3E+06 
Data reported as FCU g
-1
  
 
After 15 days of composting, an increase of the total culturable microbial 
population was observed in both Piles but, while, in Pile B, it was observed a 
growth of the bacteria population of about two order of magnitude and a growth 
of filamentous fungi of one order of magnitude, in Pile A the microbial population 
increase was only due to bacteria that increased of about one order of magnitude.  
After 30 days, in Pile B, accordingly with the thermophilic phase, bacteria and 
yeast decreased of about one order of magnitude while filamentous fungi 
increased. In contrast, at this sampling time, a remarkable increase of yeast and 
filamentous fungi was observed in Piles A. 
At the end of the observation period of the process (60 days), in Piles B there 
were a rise of the density of yeasts and fungi, while, in Piles A, all the microbial 
groups remained at about the same density observed at 30 days. 
Interestingly, in Piles B at 60 days, also actinobacteria were detected, while they 
remained absent in Piles A. This result was confirmed in a further analysis 
performed after 90 days of composting and it is in accordance with the DGGE 
analysis (Cossu 2010). This result is a confirmation of the hypothesis of a non-
culturable state of the actinobacteria during the early phases of the composting 
process. A great number of microorganisms cannot be cultured, and there is an 
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extensive literature on the transition of the microbial cells from the culturable to 
the vital non-culturable physiological state and on the abiotic factors affecting the 
transition in both ways. By traditional microbial methods it is possible to show 
only a lower number of microorganisms (10 ÷ 100 times) that are actually present 
in the sample (Ranalli et al. 2002). 
The overall evolution of the culturable fraction of the total microbial populations 
(Figure 18) is consistent with the temperature profiles and confirms that the 
inoculation of OHH with the microbial starter enhance the microbial activity in the 
first period of composting  and induce a more rapid stabilization of the matrix.  
 
 
Figure 18. Total microbial counts. A, non inoculated piles, B,  inoculated piles. 
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3.2.4 Phytotoxicity analysis 
The lower values of the germination index found at the beginning of composting, 
in both Piles, indicate the phytotoxicity of OHH. These values were higher 
compared to those found by Cayuela et al. (2009), who reported an initial GI of 5% 
during a two-phase olive mill waste composting, while they are comparable to 
those found by Principi et al. (2003) and Alburquerque et al. (2006). These 
different results may be due to the different content in fats and poly-phenols due 
to the different origin and different cultivar of the olive from which OHH originate. 
No differences in GI were found between treatments at the beginning of 
composting (Table 12). At the end of composting, GI increased in both treatments 
and both composts were in accordance with the Italian Law n. 75 (2010) for green 
compost amendment (GI ≥ 60% in 30% of dilution). However, only in Pile B not 
only the phytotoxicity was eliminated (GI > 75% at 30 and 50% of compost extract 
concentration) (Table 12) but it was observed a stimulatory effect on seed 
germination (GI > 100% at 30% of compost extract concentration). 
 
Table 12. Phytotoxicity analyses (Lepidium sativum bioassay)* of composting 
materials at the beginning (T0) and after 60 days (T60) of the process. 
Germination Index (%) with the:  Pile A  Pile B 
 T0 T60  T0 T60 
100% diluition of the aqueous extract 13 16  14 36 
70% diluition of the aqueous extract 21 24  21 67 
50% diluition of the aqueous extract 45 51  45 85 
30% diluition of the aqueous extract 52 71   54 114 
*Zucconi et al (1981) 
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The results of the phytotoxicity analysis were confirmed by a separate study of 
this compost as substitute of peat as a cultivation substrate for tomatoes in 
greenhouse. In this study the results indicated that the use of the compost 
produced with the starter leads to an improvement of quality traits of the product 
(Colombini 2010). 
 
3.3 Monitoring of the biocontrol strain B. subtilis M51/II  
 
3.3.1 Survival of B. subtilis M51/II during OHH composting 
The survival of the biocontrol strain B. subtilis M51/II, component of the microbial 
inoculum, was monitored along the composting process. The assessment of B. 
subtilis M51/II was based on its double antibiotics, streptomycin-rifampycin, 
resistance. A preliminary assay, by colony PCR, was carry out to verify the 
effectiveness of the antibiotic selective media and the probability of spontaneous 
development of streptomycin-rifampycin, resistance among the bacterial 
populations of the composting matrix. Colonies developed on streptomycin-
rifampycin nutrient agar medium were picked from plates and tested with the 
strain specific primers 123 r/f. Out of 100 colonies tested, 96 were positive, 
confirming the high reliability of the method (Figure 19). 
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Figure 19. Bacillus subtilis M51/II strain identification by colony PCR with the 
strain specific primers 123r/f (Felici 2007). (a) selective media showing 3-days-old 
colony forming units obtained by plating a serial dilutions of OHH previously 
inoculated with the bacterial strain. (b) Electrophoretic analysis of the strain-
specific products amplified from the colonies tested: each number of the top of 
the line corresponds to  a single colony picked up from agar plate, M = 100bp DNA 
Ladder, C+ = positive control (M51/II colony), C- = negative control (without DNA). 
 
At the start of the composting process, the density of M51/II in the inoculated 
Piles (Pile B) was 5.33x103 UFC g-1. At 15 days of composting the density of M51/II 
raised to the highest recorded value of 3.52x105 UFC g-1. Then, density values 
decreased and remain at about 5.00 x 104 UFC g-1 until the end of the experiment. 
As expected, in the non inoculated Piles (Pile A), no M51/II growth was observed 
(Figure 20). 
 
a 
b 
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Figure 20. Mean (SE) Bacillus subtilis M51/II population density during the 
composting process. A, non-inoculated piles, B, inoculated piles. Different letters 
indicate statistically significant differences (P < 0.05) between sampling times.  
 
These results indicate that M51/II, probably because it is a spore forming bacteria, 
is able to survive during all phases of composting. Moreover, the increase of 
M51/II population during the process, shows clearly, an active contribution of the 
strain to the OHH degradation. This finding confirms the colonization ability of this 
strain on olive husks (Filippi et al. 2000).  
Similar results were observed by Phae et al. (1990) in a composting assay of 
sewage sludge inoculated with B. subtilis. The authors observed that the final 
density was related with the initial density in the inoculum.  
 
3.3.2 Persistence of B. subtilis M51/II in compost 
 
The bioprotection ability of the mature compost depends mostly on the density of 
the microbial populations of the biocontrol strains. Since it is known that the 
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density of active microbial cells decrease along time during the storage, it was 
performed a trial to test the persistence of B. subtilis M51/II in the mature 
compost. 
The results showed that the strain M51/II is characterized by a good long-term 
persistence in the composted OHH (Figure 21). After a year of compost storage, 
M51/II density decreased of one order of magnitude (Figure 21). M51/II density 
remained stable up to the forth month, after which, M51/II culturable cells started 
to decrease at a rate of 5.01E3 UFC/month (Figure 21). This results confirm the 
findings of Filippi et al. (2000) who observed the effectiveness of a EOH compost 
in improving M51/II survival and indicate that the use of B. subtilis M51/II in the 
composting of OHH is recommendable not only for its ability as OHH degrader but 
also to assure a long shelf-life to the final product as a mature, microbial active 
compost. 
 
Figure 21. Mean (SE) Bacillus subtilis M51/II survival in compost after the 
composting process. Different letters indicate statistically significant differences (P 
< 0.05) between sampling times. 
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4. CONCLUSIONS 
This thesis extends our knowledge on the feasibility to upgrade an agro-
industrial residue, the wet husks deriving from the olive oil extraction process, 
and to transform this residue into an asset, i.e. a green composted 
amendment suitable for both organic and conventional agriculture. Besides, 
the results obtained in this thesis suggest that the enrichment of OHH during 
the composting process with biocontrol strains, able to stimulate the plant 
growth and the plant natural defense mechanisms, could be exploited as an 
additional tool for use in agriculture. 
On the basis of the results obtained throughout this study, the following 
conclusive remarks can be drawn: 
- it is possible to use a phytotoxic residue of the olive oil extraction process, 
i.e. the humid husks, as a sole raw material to produce a green composted 
amendment conforming the Italian Law on Fertilizers; 
- the stabilization of OHH is feasible, without co-composting, by using a 
microbial consortia as a starter, in a process of ca. 60 days of duration. 
- the selected strains exhibit the in vitro ability to grow on OHH as a sole 
nutrient source, to grow at various extent on phenols, cellulose, and fats, 
and to grow and/or survive at high temperature (50 °C). Besides, they can 
grow on OHH compost, and are biocompatible to each other; 
- the OHH, after the sanification thermophilic phase, are transformed into a 
deeply humified compost containing more than 108 viable cells of non-
pathogenic microorganisms; 
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- after transformation, the germination index clearly indicates that the initial 
phytotoxicity has disappeared and that the compost has phytostimulatory 
activity; these findings have been confirmed by separate studies on the 
use of OHH compost for tomato growth at greenhouse level; 
- it is possible to use biocontrol agent Bacillus subtilis strain M51/II for the 
transformation of OHH, which can be monitored throughout the whole 
composting by using culture-dependent tools. 
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ANNEX I: 
 
16S rRNA sequences 
 
 3/2 
NNNNGGNGGCNGCTACCATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGA
GCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTTCGG
AAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCTTG
CGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGC
GACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAG
CCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAG
GGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCGGCTAACTC
TGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA
AAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAAC
TGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGGTGGAATTTCCTGTGTAGCG
GTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTAAT
ACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATGTCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGCGCAGCTAA
CGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTT
ACCAGGCCTTGACATCCAATGACTTTCTAGAGATAGATTGGTGCCTTCGGGACATTGAGA
CAGTGCTGCATGNTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAGTCCCGTACGAGC
GCAACCNTTGTCNTAGTTACNGCACGTAATG 
 
 26/6 
NNNTNNNAGGANNGCGAANNCATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCT
TGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACG
TTCGGAAACGAACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGG
GCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACAC
GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTG
ATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGG
AGGAAGGGCATTAACCTAATACGTTAGTGTTTTGACGTTACCGACAGAATAAGCACCGG
CTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACT
GGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAACC
TGGGAACTGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGGTGGAATTTCCTG
 93 
 
TGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTG
GACTAATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTG
GTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGCG
CAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATG
AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGTTTAATTCGAAGCAACGCGAAG
AACCTTACCAGGCCTTGACATCCAATGAACTTTTCTAAGAGAAAGATTGGTGCCTTCGGG
AACATTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGAATGTGGGNNA
GTCCCGTACGAGCGCACCCTTGTCTTANTACCAGNANATAATGGTGGGNAACTCAAGAA
GTACTGCTCGGNANNA 
 
 19/4 
NNNNNGNNCGGGCCTACACATGCGAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGA
GAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTTC
GGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCC
TTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAA
GGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGT
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC
CAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGG
AAGGGCAGTAAATTAATACTTTGCTGTTTTGACGTTACCGACAGAATAAGCACCGGCTAA
CTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGC
GTAAAGCGCGCGTAGGTGGTTAGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGG
AACTGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGGTGGAATTTCCTGTGTA
GCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACT
GATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGTCAACTAGCCGTTGGGAGCCTTGAGCTCTTAGTGGCGCAGC
TAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATT
GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGACC
CTTACCAGGCCTTGACATCCAATGAACTTTCTAGAGATAGATTGGTGCCTTCGGGACATT
GAGACNGTGCTGCATGNCTGTCGTCAGCTCGTGTCGTGAGATGTGGGTAGTCCCGTAAC
GAGCGCAACCCNTGTCCTTN 
 
 23/9 
NNNNNNTNNNGNNNGACTCACCGTGCGAGTCGAGCGGTAGAGAGAAGCTTGCTTCTC
TTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAAC
GTTCGGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCG
GGCCTTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCA
CCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACA
CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCT
GATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGG
 94 
 
GAGGAAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCG
GCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTAC
TGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAAC
CTGGGAACTGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGGTGGAATTTCCT
GTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCT
GGACTAATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCGTAAACGATGTCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGC
GCAGCTAACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAT
GAATTGACGGGGGCCCGCACAGCGGTGGAGCATGTGGTTTAATTCGAAGCACGCGAGA
NCTTACCAGGCCTTGACATCNTGACTTTCTAGAGATAGATGNGCTCGGGAACATGANAC
AGTGCTGCATGCTGTCGTCAGCTCGNGTCGNGAGATGTGGGNN 
 
 19/5 
NNNNNGGGGGCGGNCTACCATGCGAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGA
GAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTTC
GGAAACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCC
TTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAA
GGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGT
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC
CAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGG
AAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCGGCTAA
CTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGC
GTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGG
AACTGCATTCAAAACTGACTGACTAGAGTATGGTAGAGGGTGGTGGAATTTCCTGTGTA
GCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACT
AATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGTCAACTAGCCGTTGGAAGCCTTGAGCTTTTAGTGGCGCAGCT
AACGCATTAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC
TTACCAGGCCTTGACATCCAATGAACTTTCTAGAGATAGATTGGTGCCTTCGGGAACATT
GAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
TAACGAGCG 
 
 B2 
NNNNNNGGNGGGCAGGCTTACACATGCAAGTCGAGCGGTAGCACAGGGGAGCTTGCT
CCCTGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGG
GATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGA
CCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAAT
GGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACT
 95 
 
GAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGC
AAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTC
AGCGAGGAGGAAGGTGGTGAACTTAATACGTTCATCAATTGACGTTACTCGCAAAAGAA
GCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCG
GAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAAATGTGAAATCCCCGG
GCTCAACCTGGGAACTGCATTTGAAACTGGCAAGCTAGAGTCTCGAAAAGGGGGGTAA
AATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCAAAGCG
GCCCCCTGGACGAAAACTGACGCTCAAGTGCGAAAGCGTGGGGAGCAAACAGGATAAA
A 
 
 B3 
NNNNCNNGAGNGNNNGCTATAATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCT
GATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATA
ACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTCAGACATAA
AAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGG
TAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGC
TCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAA
CCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCG
TTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAA
GCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGG
AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAAC
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTT
TCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCA
AGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA
ATTCGAAGCAACGCGAGAACCTTACCAGGTCTTGACATCCTCTGACATCCTAGAGATAGG
ACGTCCCCTTCGGGGCAGAGTGACAGGTGGNGCATGTNGTCGTCAGCTCGTGTCGTGA
GATGTGGGTTAGTCCCGCAACGGAGCGCCACCCTTGATCTTAGTTGCCAGCATT 
 
 B4 
NNANNNGNGGCGTGCTATAATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATG
TTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCC
GGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTCAGACATAAAAGGT
GGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACG
GCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA
AAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTT
 96 
 
GTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
GAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCG
GCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTG
GAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGG
CGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCC
CCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTG
AAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGACCCTTACCAGGTCTTGACATCCTCTGACATCCTAGAGATAGGACGTC
CCCTTCGGGGCAGAGTGACAGGTGGTGCATGNNGTCGTCAGCTCGTGTCGTGAGATGTT
GGTTAAGTCCCGCACGAGCGCAACCCTTGATCTTTAGTTGCCAGCATTCAGTT 
 
 B11 
NNNNNGNGGCGTGCTATACATGCAGTCGAGCGAATGGATTGAGAGCTTGCTCTCAAGA
AGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAAC
TCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACTGCATGGTTCGAAATTGAAA
GGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTA
ACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCT
GTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCA
GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTAT
CCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCC
ACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAG
TGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAA
GGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCG
CCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGC
TGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTC
GAAGCAACGCGAAGACCTTACCAGGTCTTGACATCCTCTGAAACCCTAGAGATAGGGCT
TCTCTCGGGAGCAGAGTGACAGGTGNGCATGNGTCGTCAGCTCGTGTCGTGAGATGTT
GGGTTAGTCCCGCAACGAGCGCCACCCTTGATCTAGTGCN 
 
 A6 
ANAAGTNNNGNNGNGCTTACCGTGCGAGTCGAGGAGGAAGCCGCTTCGGTGGTGGAT
TAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATAATACTCCTGCCTGCATGGGTGGGGGTTGAAAGCTC
CGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCA
 97 
 
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATA
CGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGTTGGCAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAA
GTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGCCC
GCACAGCAGCGAGCATGTGGCTTAATTCGACGCACGCGAGAACTTACANCTGACTTATA
CCGAAAGCTCNAGATGGGCCCCTNNTCGATACNGTGNGCATGCCTGTNTCAGCTCTGTN
NGAATGTTGGNNAGTNCCNNNNNNCNNNNNGTTNNNNGCNNCANGCCTTNGGGGTN
AGGGACTCNNNNAACTGCNGTCACNNGNNNNN 
 
 A48 
NNGNNNGGGGCGGNGNGCTTACCATGCGAGTCGAACGATGAACCACTTCGGTGGGGA
TTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCC
TGGAAACGGGGTCTAATACCGGAACTGACCCGCTTGGGCATCCAAGCGGTTCGAAAGCT
CCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCA
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATA
CGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGGTGGGCACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAA
GTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGC
TTGACATACACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGG
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGAAC 
 
 
 
 98 
 
 AB11 
NNNANNNGCCGGCNNGCTTACCGTGCGAGTCGAACGATGAAGCCCTTCGGGGTGGATT
AGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTG
GAAACGGGGTCTAATACCGGATAACACTTTCTCCCTCCTGGGGGAAGGTTGAAAGCTCC
GGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGGGGTAATGGCCTACCAA
GGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGA
TGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAG
GCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGAGCTTAACTCCGGGTCTGCAGTCGATAC
GGGCAGGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGC
AGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGA
GGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAG
TTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCC
GCACAAGCAGCGGAGCATGTGGCTTATTTCGACGCAACGCGAAGAACCTTACCAAGGCT
TGACATACACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGTCGGTGTACAGGTGGTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTGGGTTAAGTCCCGCAACGAGCGCAACC
NTTGTTCTGTGTTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAANCTGCCGG
GTCAA 
 
 AC3 
GNNNNNTGGNGGNNTNTTACCATGCAAGTCGAACGATGAAGCCGCTTCGGTGGTGGA
TTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCC
TGGAAACGGGGTCTAATACCGGATAATACTCCTGCCTGCATGGGTGGGGGTTGAAAGCT
CCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCA
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATA
CGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAA
GTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGC
 99 
 
TTGACATATACCGGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTATACAGGTG
GTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC
ACCCNTGTTCTGTGTTGCCAGCATGCCCTTTCGGGGTGATGGGGACTCNNAGGAGACTG
CCC 
 
 AC10 
GNNNNGGTGGGGGCNNGCTTACCGTGCGAGTCGAACGATGAAGCCGCTTCGGTGGTG
GATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGC
CCTGGAAACGGGGTCTAATACCGGATAATACTCCTGCCTGCATGGGTGGGGGTTGAAAG
CTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCC
TGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAG
GGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGT
AGGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGAT
ACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGC
GCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCT
GAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTA
AGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGG
CTTGACATATACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTATACAGGTG
GTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCACGAGCGCA
CCCTTGTTCTGNGTTGCCAGCATGCCTTTCGGGNTGATGGGNNTCACAGGAGACTGCCG
GGTTNAA 
 
 AC20 
CGNGNNNNGCGGCGNGCTTACCGTGCGAGTCGAACGATGAAGCCGCTTCGGTGGTGG
ATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCC
CTGGAAACGGGGTCTAATACCGGATAATACTCCTGCCTGCATGGGTGGGGGTTGAAAGC
TCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACC
AAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCT
GATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGG
GAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATA
CGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
 100 
 
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAA
GTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCCTTACCAAGG
CTTGACATATACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGTCGGTATACAGGTGG
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTNGTTCTGTGTTGCCAGCATGCCTTTCGGGGGTGATGGGGACTCANAGGAGACTG
CCGGGGNNACCTNNNNN 
 
 ATB42 
NNNNGGGGGCGTGCTTACACATGCAAGTCGAACGATGAAGCCTTTCGGGGTGGATTAG
TGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGA
AACGGGGTCTAATACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCTCCGG
CGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGG
CGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGC
AGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAG
AAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGC
GGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATACGG
GCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAG
ATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGG
AGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGT
TGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAGTT
CCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCCTTACCAAGGCTT
GACATATACCGGAAAGCATCAGAGATGGTGCCCCCCTTTGTGGTCGGTAAAACAGTGGT
GCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTGTTCTGTGTTGCCAGCATGCCTTTCGGGTGATGGGACTCACAGGANAACTGCC 
 
 SA51 
GNNGNNTGNGGNGNGCTTACCGTGCGAGTCGAACGATGAAGCCCTTCGGGGTGGATT
AGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTG
GAAACGGGGTCTAATACCGGATACCACTCCTGCCTGCATGGGCGGGGGTTGAAAGCTCC
GGCGGTGAAGGATGAGCCCGCGGCCTATCAGGTTGTTGGTGGGGTAATGGCCCACCAA
GGCGACGACGGGTAGCCGGCCTGAGAGGGCGACGGGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGA
TGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
 101 
 
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAG
GCGGCTTGTCACGTCGGATGTGAAAGCCCGAGGCTTAACCTCGGGTCTGCATTCGATAC
GGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGC
AGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGA
GGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAG
TTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCC
GCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCT
TGACATATACCGGAAAGCATTAGAGATAGTGCCCCCCTTTGTGGTCGGTATACAGGTGG
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCACGAGCGCAA
CCCTTGTCCTGTGTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGCCG
GGGTCAACT 
 
 SA55 
NNNCNNGGGCGGCGNGCTTACACGTGCGAGTCGAACGATGAAGCCTTTCGGGGTGGA
TTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCC
TGGAAACGGGGTCTAATACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCT
CCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCA
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATA
CGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAA
GTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGC
TTGACATATACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTAAACAGGTGG
NGCATGGCTGTCGTCAGCTCGTGTCGTGAGAATGTNGGTAAAGTCCCGCAACGAGCGCA
ACCCTTGTTCTGTGTTGCCAGCATGCCCTTCGGGTGATGGGACTCACAGGANAACTGCC 
 
 SA58 
NNNNTNNCGGNGNGCTTACCGTGCGAGTCGAACGATGAAGCCCTTCGGGGTGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGG
AAACGGGGTCTAATACCGGATAACACTCTGTCCCGCATGGGACGGGGTTAAAAGCTCCG
GCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAG
 102 
 
GCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGAT
GCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAG
GCGGCTTGTCACGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATAC
GGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGC
AGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGA
GGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GTTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAG
TTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCC
GCACAAGCAGCGGAGCATGTGGCTTAATTTCGACGCAACGCGAAGAACCCTTACCAAGG
CTTGACATATACCGGAAAGCATCAGAGATGGTGCCCCCCTTGTGGTCGGTATACAGGTG
GTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGNNAGTCCCGCAACGAGCGC
AACCCNNGTTCTGTGTTGCCAGCATGCCCTTCGGGTGATGGGNNTCACAGGANNACTGC
CGGGGN 
 
ITS rRNA sequences 
 
 T14 
NNNNNTGCGANGGNNNTCCAACCCAATGTGACCATACCAAACTGTTGCCTCGGCGGGG
TCACGCCCCGGGTGCGTCGCAGCCCCGGAACCAGGCGCCCGCCGGAGGGACCAACCAA
ACTCTTTTCTGTAGTCCCCTCGCGGACGTTATTTCTTACAGCTCTGAGCAAAAATTCAAAA
TGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT
GCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCC
TCCGGGGGGTCGGCGTTGGGGACCTCGGGAGCCCCTAAGACGGGATCCCGGCCCCGAA
ATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGG
GAGCGCGGCGCGTCCACGTCCGTAAAACACCCAACTTCTGAAATGTTGACCTCGGATCA
GGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA 
 
 T26 
NNNNNNNGANNTTCNNTCCCAACCCATGTGACCATACCAAACTGTTGCCTCGGCGGGG
TCACGCCCCGGGTGCGTCGCAGCCCCGGAACCAGGCGCCCGCCGGAGGGACCAACCAA
ACTCTTTTCTGTAGTCCCCTCGCGGACGTTATTTCTTACAGCTCTGAGCAAAAATTCAAAA
TGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT
GCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCC
 103 
 
TCCGGGGGGTCGGCGTTGGGGACCTCGGGAGCCCCTAAGACGGGATCCCGGCCCCGAA
ATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGG
GAGCGCGGCGCGTCCACGTCCGTAAAACACCCAACTTCTGAAATGTTGACCTCGGATCA
GGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA 
 
 TRC 
NNNTNNTNNCNTTTAGNNTNTCTCCCAAACCCAATGTGAACGTTACCAAACTGTTGCCT
CGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGACCAAGGCGCCCGCCGGAGGA
CCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTTTTATAATCTGAGCCTTCTCGG
CGCCTCTCGTAGGCGTTTCGAAAATGAATCAAAACTTTAAACAACGGATCTCTTGGTTCT
GGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG
AATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCC
GAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTGCC
TTGGCGGTGGCCGTCTCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGT
AGTTTGCACACTCGCATCGGGAGCGCGGCGCGTCCACAGCCGTTAAACACCCAACTTCTG
AAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGG
AGGAAT 
 
 4(1) 
NNNCNNNNGATNGGACGTCCACTTAACTTGGAGTCCGAACTCTCACTTTCTAACCCTGT
GCACTTGTTTGGGATAGTAACTCTCGCAAGAGAGCGAACTCCTATTCACTTATAAACACA
AAGTCTATGAATGTATTAAATTTTATAACAAAATAAAACTTTCAACAACGGATCTCTTGGC
TCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAG
TGAATCATCGAATCTTTGAACGCACCTTGCGCTCCATGGTATTCCGTGGAGCATGCCTGT
TTGAGTGTCATGAATACTTCAACCCTCCTCTTTCTTAATGATTGAAGAGGTGTTTGGTTTC
TGAGCGCTGCTGGCCTTTACGGTCTAGCTCGTTCGTAATGCATTAGCATCCGCAATCGAA
CTTCGGATTGACTTGGCGTAATAGACTATTCGCTGAGGAATTCTAGTCTTCGGATTAGAG
CCGGGTTGGGTTAAAGGAAGCTTCTAATCAGAATGTCTACATTTTAAGATTAGATCTCAA
ATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGGCCGGAGGAA 
 
 2(3) 
NNNNTNNATCTATTCTTTCTTACCACTTTGTGACTTTTGAAATGATTACTTGGCTGGAGG
AAGTAAAATTTTTCTAGCCAGGCGTTTTAAACTAAACACTTTTTTTATTATACAATTGATTT
TTATAATTCTGAAACAGAAAAAAATAATCTTTTAAAACTTTTAACAACGGATCTCTTGGTT
CTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGATTTTCGT
GAATCATTGAATCTTTGAACGCACATTGCGCCTTCTAGTATTCTGGGAGGCATGCCTGTTT
GAGCGTCATTTCCTTCTCCAAAAGAAATACTTTTTTGTGTTTCCTTTGGGAGTTGAACCTA
TGTATCTGATAAAGATACTGGTATGAAATGTATGGGCAACAGACGGCTAACAGCTTGAG
 104 
 
GCTGGTAAGTTAATTTTACGTATTAGGTCTAACCAACTCGTAAAAACTATATTACTGGATC
TCGATAAGATGATAGTCTGTCTTGCTTGACAAAGATCTTCAAAATCTTTGACCTCAAATCA
GGTAGGAATACCCGCTGAACTTAAGCATATCAATAAG 
 
 5(2) 
NNNNNNTNNGATCTTATGTTGCCTGCGCTTTACTAGCGCGGCGACTAAAACCTTACACA
CAGTGCTTAGTTTTTTCTAACATTGCTTTGCGTGGAATAAGCCTAGCTTTTCTGCGCAGAG
GTTATCAAAACACAAGATTTTTATATCTTTTATTACAAATTCTAGTCAAGAAGTTTTATTAA
AAACAAATCTTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCAACGATGAAGAACGC
AGCGAAATGCGATACGTAATGTGAATTGCAGGTTTTCGTGAATCATCGAATCTTTGAACG
CATATTGCGCCCTTCGGTATTCCGAAGGGCATGCCTGTTTGAGCGTCATTTCTCTCTCAAA
CCTTCGGGTTTGGTATTGAGTGATACTCTCTTTCTGGGTTAACTTGAAATACTGTGGCAA
GAGCTGCTTTGCAGGATCTCCTCTGAACTAACGTTTCTAGGTTCTACCAATTCGTTATGGA
CAGTGTGTGCTGAACGCATGGCTTTTGGGCTCGGCCTAACAATTTCTTCATAAGTTTGAC
CTCAAATCAGGTAGGATTACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGAA 
 
 8(4) 
NNNNNNCNTATTATATCTTGCAGCGCTTACTGCGCGGCGAGAATAACACCTTACACACA
GTGATTTTTTTTAAAAGAACTATTGCTTTGGCTTGGCTAACGCTGGGCCAGAGGATTCAG
TAAACTTCAATTTTTAATTGAATTGTTATTTTAATATTTTTGTCAATTTGTTTGATTAAATTC
AAAATAATCTTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGC
AGCGAAATGCGATAAGTAATATGAATTGCAGATTTTCGTGAATCATCGAATCTTTGAACG
CACATTGCGCCTTATGGTATTCCATAAGGCATGCCTGTTTGAGCGTCATTTCTCTCTCAAA
CCTTTGGGTTTGGTATTGAGTGATACTCTTAGTCGGACTAGGCGTTTGCTTGAAAAGTAT
TGGCAAGAGTGTACTGGATAGTACTAACTGGTTATTCAATGTATTAGGTTTATCCAACTC
GTTGAAGTGCTGGTGGTAAATTTCTAGTAACGGCTCGGCCTTACAACAACAAACAAGTTT
GACCTCAAATCAGGTAAGAATACCCGCTGAACTTAAGCATATCATAN 
 
 
